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Le11Z 
FLUORESCENCE 
ILLUMINATING 
EQUIPMENT 


The accelerated interest in fluo- 
rescence microscopy in various 
fields of medical and industrial 
research has been made pos- 
sible by the new fluorescence 
accessories. The source is a CS 


150 Watt mercury vapour lamp. 


1155s 
A reputation for integrity and a tradition of service have led thousands of scientific 
workers to bring their optical problems to Leitz. If you have problems in this field; 


why not let us help you with them? 
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E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
wast ributors of the world-famous So. 6.8 ae ts 16% 
Ernst Leitz G.m.b.H.,Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS: LENSES: PROJECTORS. MICROSCOPES : BINOCULARS 
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Choose a Saunders textbook 


for sound help in the biological sciences 





Villee — BIOLOGY 


Widely used as a college text, this beautifully illustrated book maintains an excellent 
balance between descriptive detail and generalization. After a discussion of scientific 
methods of investigation, the author analyzes plant and animal life—from cellular 
function through body systems. Of special note are the discussions on cell structure 
and function, integrating basic physics and chemistry with their biological appli- 
cations. Comparative and evolutionary aspects are emphasized. Students are not or pio 

overloaded with biological facts beyond their understanding. Y 


Comparative 


By CLaupE A. VILLEE, Harvard University. 615 pages, 642” x 10” with 323 illustrations. $6.75. Third Edition. 


Villee, Walker & Smith— GENERAL ZOOLOGY 


Written for students who have had no previous course in biology, chemistry or 

‘“ ” physics, this introductory zoology text emphasizes the anatomy, habitat, mode of life 
Principles poe and role of both vertebrates and invertebrates. Broad biological principles are 
brought into focus by a thorough examination of certain representative animals. 

‘“ ” Invertebrates are covered phylum by phylum in separate chapters with a detailed dis- 
ees ypes cussion of one or more typical species. The frog serves as model for study of com- 
parative vertebrates which includes evolution, history, morphology and physiology. 


By CLAUDE VILLEE, Harvard University; WARREN F. WALKER, JR., Oberlin College; and Freperick E. SMITH, 
University of Michigan. 877 pages, with 444 illustrations. $7.50. 


Walker — VERTEBRATE DISSECTION 

. New (2nd) Edition! 
Because dissection is taught systemically in the classroom, this lab manual employs Z* q 
the systemic approach rather than the systematic. Using the dogfish, mudpuppy, cat ystemi c 
and rabbit as principal specimens, students can visualize the transformations that 
occur in a particular organ system during the evolution of mammals. 105 line draw- aa } 
ings—60 of them new in this edition—assist students’ dissections. Flexible organiza- pproac. 
tion allows this book to be adapted for intensive or basic courses. 


By WarRREN F. WALKER, JR., Ph.D., Professor of Zoology, Oberlin College, Ohio. 340 pages, 842” x 11”, with 
105 illustrations. $4.25. New (2nd) Edition! 


Giese — CELL PHYSIOLOGY 


Clearly written for the undergraduate student, this text is ideal for a one-quarter or 
ee , / one-semester class. The author analyzes cell physiology on a simple single cell basis; 
nvironmenta Ly thus making this text closely-knit without complicated controversies. The eight sec- 
tions of the text cover: the scope of cell physiology; cellular environment; the cell 
‘ . / and protoplasm; exchange of material across the cell membrane; nutrition; irri- 
unctiona tability and response; protoplasmic growth and cell division; and history of cell 
physiology. Illustrations are used wherever they clarify reading matter. Experimental 

material illustrates scientific principles. 


By ArTHUR C. Giese, Ph.D., Professor of Biology, Stanford University. 534 pages, with 259 illustrations. 
$10.00. 


Gladly sent to college teachers for consideration as texts 


W. B SA UNDERS COMP. AN Y West Washington Square + Philadelphia 5 








SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Second-class postage paid at Washington, D.C., and 
additional mailing office. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢ 








METROHM pH METERS 
FOR EVERY NEED AND BUDGET 








Model E-322 


A Precision Comp tor is the most accurate type of pH meas- 
uring system. It eliminates even the minor errors present in all 
direct reading instruments, ie. calibrating deviations, non- 
linearity of the indicating instrument, bearing friction in galva- 
nometers etc. For this reason we can guarantee that in the 
E-322 you will have a pH meter with a sensitivity of 0.002 pH 
and an absolute aqoaraey of 0.005 pH. Whether for Blood pH 

ements, ad d control or research projects we be- 
lieve that the E-322 has many features which will appeal to you. 











METROHM EQUIPMENT FOR BLOOD pH ILLUSTRATED 


@ fully line-operated @ electronic indication 


® high precision slide wire provides absolute accuracy 
over the full pH scale 


@ minimum number of controls achieved through unique interlocking 


electronic system provides utmost simplicity of operation 
® all controls and p ts are t built for the specific job 


© absolute zero point stability obtained with specially designed 
chopper-amplifier 








® complete selection of electrodes and accessories including the most 


widely used micro capillary measuring chains 
® Modern design and a conveniently located control panel 








MODEL E-300 


The model E-300 is a high quality direct reading instrument. 
It features an exceptionally long (834'') scale from 0-14 pH. 
Each main scale division equals 0.1 pH. In addition there 
is an expanded scale covering a range of 2.8 pH which 
may be used anywhere along the pH range. On the high sen- 
sitivity scale direct readings of 0.02 pH are obtained. 
The instrument is line-operated and contains an AC ampli- 





The E-396 is a pH meter of advanced de- 
sign intended primarily for routine labora- 
tory use. The unit has a dual scale to cover 
the ranges 0-8 pH (—140 to + 1000 mV) 
and 6-14 pH (+ 140 to —1000 mV). Each 
main scale division equals 0.05 pH and it 0-14 pH (—500 to + 500 mV). 
can easily be read to 0.02 pH. Temperature 


MODEL E-350 








A modern pH meter for general 
laboratory work which features 
simplicity and a minimum num- 
ber of operating controls. One 
scale covers the range from 





fier. Temperature compensation from 0 to 100°C is provided. 


compensation from 0-100°C is provided. 


Each division represents 0.1 
pH. Readability is 0.05 pH. 





BRINKMANN 


Write for descriptive catalog 993 


BRINKMANN INSTRUMENTS, INC., 115 CUTTER MILL ROAD, GREAT NECK, N.Y. 


1276 


Philadelphia + Cleveland + Houston « Miami + Menlo Park, Cal. 


SCIENCE, VOL. 132 




















4 November 1960, Volume 132, Number 3436 SCIENCE: 


Editorial 


Articies 


Science in the News 


Book Reviews 


Reports 


Association Affairs 


Departments 


Cover 


Orbiting Words 


Semiconducting Compounds: E. Mooser . 


New semiconductors reveal striking relations between composition and structure. 


Doomsday: Friday, 13 November, a.p. 2026: H. von Foerster, P. M. aaa 
Re EE on od eS rh Sn oes Ca 


At this date human aiid will approach infinity if j it grows as it 
has grown in the last two millenia. 


Charles Singer, Historian of Medicine, Science, Technology: T. J. Williams 


Nixon and Kennedy on the Geneva Test Ban Talks, Disarmament; Burnet and 
Medawar Share Nobel Award in Physiology and Medicine 


R. G. Tugwell’s The Enlargement of the Presidency, reviewed by H. Finer; 
other reviews 


Glass Insulated Platinum Microelectrode: M. L. Wolbarsht, 
E. F, MacNichol, Jr.. H. G. Wagner .. 


Isolation of Uridine Diphosphate—Glycosyl Compounds from the Slug: R. W. Wheat .. 


A Difference between Biological Effects of Gamma Rays and Heavy Ions: 
F. Hutchinson and S. S. Easter, Jr. ; 


Nerve-End Recording in Conducting Volume: D. M. Easton 


Three y-Globulins in Normal Human Serum Revealed by Monkey Precipitins: S. Dray 


Three-Dimensional X-ray Reflections from Anthracite and Meta-Anthracite: 
S. Ergun, M. Mentser, H. J. O'Donnell 


Effects of ip gare Chromosomes on Production of —— in Haplopappus 
gracilis: R. C. Jackson and P, Newmark 


Estimate of the Human Load of Mutations from Heterogeneous Consanguineous 
Samples: N. Freire-Maia and A. Freire-Maia 


Programs Planned for the AAAS New York Meeting 


Forthcoming Events 


The Missouri Botanical Garden’s new Climatron, a geodesic dome greenhouse, is 
reflected in a lily pool at the century-old St. Louis Gardens. See page 1300. 


1285 


1291 


1296 


1297 


1305 


1309 


1310 


1311 


1312 


1313 


1314 


1316 


1317 


1318 


1325 











DECISION MAKING NOW FOR 1970 
through operations research 








Operations research at ORO adds new dimensions to military 
tactics and strategy. Combining the diverse backgrounds of 
individuals representing more than thirty different disciplines, 

the Operations Research Office of the Johns Hopkins University 
employs modern scientific methodology on a mixed team basis in 
the solution of world-wide military problems in advanced and 
pioneering applications. The result: improved operational 
readiness and a better national military posture. 


This calls for non-routine thinking about the broad spectrum 
of problems posed by the future demands of the modern Army. 
The areas of interest include strategy, war probabilities, tactics, 
logistics, intelligence, and air defense. 


Scientists and engineers who wish to tackle operational problems 
of unusual scope and diversity are invited to join ORO. 

You will find the professional atmosphere of our organization 
conducive to creative thinking, and you will work with 
colleagues who have earned a national reputation as leaders 

in their fields, 


Address your inquiry to 
John G, Burke, Research Personnel Officer. 





OPERATIONS RESEARCH OFFICE / The Johns Hopkins University 


6935 Arlington Road « Bethesda 14, Maryland 
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Medical Monocular 
Model EC 
$316.50 
$284.85 in lots of 5 










“QUALITY IS OUR WATCHWORD” 
... and our slogan is BUILT-IN to Elgeet-Olympus microscopes and 
.. . quality and craftsmanship you can SEE and FEEL. Write today for specifica- 
tions on models shown as well as on the complete Elgeet-Olympus QUALITY line. 








TE DEPT. APS + 10 DAY FREE TRIAL + IMMEDIATE DELIVERY 


Elgeet opricar CO., INC. ... SCIENTIFIC INSTRUMENT AND APPARATUS DIVISION 


838 SMITH STREET e ROCHESTER 6, NEW YORK 
“0 ° ° Bis Q a ° a a 
Quality our watchuord... Frectston Ongineoing our constant goal 
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APPLICATION FOR HOTEL RESERVATIONS 
127th AAAS MEETING 
New York, 26-31 December 1960 


The five hotels for the AAAS New York meeting have established special, low, flat rates and have reserved 
appropriately large blocks of rooms for this meeting. Thus everyone making room reservations for the AAAS 
meeting is assured substantial savings. 

The list of hotels and the reservation coupons below are for your convenience in making your hotel reser- 
vation in New York. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau 
in New York and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments 
promptly; a confirmation will be sent you in two weeks or less. 

If requested, the hotels will add a comfortable rollaway bed to any room, at $3.00 per night. Mail your 
application now to secure vour first choice of desired accommodations. All requests for reservations must give 
a definite date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 230, Science, 22 July. Both the Com- 
modore and the Biltmore are AAAS headquarters hotels. 


Flat Rates for Rooms with Bath* 


Hotel Single Double Bed Twin Beds Suites 
Commodore $ 8.50 $14.00 $15.50 $21.00 to $52.50 
Biltmore 8.50 14.00 15.50 45.00 and up 
Roosevelt 8.50 14.00 15.50 39.00 to 43.00 
Belmont Plaza 8.50 14.00 15.50 30.00 and up 
Waldorf-Astoria 10.00 16.00 18.00, 45.00 and up 











* All rates are subject to a 5% New York City tax on hotel room occupancy. 


ee THIS IS YOUR HOUSING RESERVATION COUPON -———————————-—- 


AAAS Housing Bureau 
90 East 42nd Street Date of Application 
New York 17, N.Y. 


Please reserve the following accommodations for the 127th Meeting of the AAAS in New York, 26-31 December 1960: 


TYPE OF ACCOMMODATION DESIRED 


Bingle Room ....clst saeneee DOUDIE ede BLOOM 3. .i:.6 As ws ieee ‘T win-Bedded ‘00m, occ cen tetra en oct s 


Bute ......3 po ee Desired Rate OR ge cee Maximum: Rate: ooo ves co cas ee Shee a Mes wet ec a ee Eee 


(Desired rate and maximum rate apply only to suites) 


Number in party .......... : Sharing this room will be: ..... 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


DATE OF ARRIVAL 


ee a) 


CORO Heme mee EE THEORET EH SOSH HEHE CEE ETE OEE EEE EEE RHO SEH HHH HSC HEH SH ESHER HEL ES EOE HORSSOHLCEE SSO CSCC CES ESSEC SECO EOS 


ADDRESS 


(Street) (City and Zone) (State) 
Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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PYREX 


Laboratory Glassware 


CORNING 
GLASS 
WORKS 


LG-2 IS HERE! 


Behind the cover of this catalog lies the collection of the 
world’s widest, deepest, and longest line of borosilicate glass- 
ware, all marked with the PyREXx® brand mark . . . along with 
a complete listing of Vycor® and CorNING® brand wares. 
Current prices. Many, many new items. Belongs in every lab. 


GET YOURS covrox’s 
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CORNING MEANS RESEARCH IN GLASS 4 
CORNING GLASS WORKS 

7511 Crystal Street, Corning, N.Y. 

Please rush LG-2 to: 
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NEWLY DEVELOPED OPTICS 


Corrected simultaneously for any wave-length from 


ultra violet (2400 A) up to the red (7000 A). 





Shown in picture above: 


UV Projective K 10:1 
Ultrafluar 32/0.40 


Achromatic UV Condenser 


(glycerine immersion) 


Ultrafluar 100/0.85 


(glycerine immersion) 


0.8 with iris diaphragm 


—CARU 
feiss | 








West Germany 


They offer for the first time these great advantages: 


1 Elimination of the restricted application of monochromatic 
objectives and the short-comings of mirror objectives. 


2 No limitation in wave-length, therefore ideal for new 
methods of cell structure studies, photomicrography and 
micro-absorption measurements depending upon the 
wave-length. 


3 Independence from light sources producing particular 
monochromatic light. 


4 A once visually focused image in the visible part of the 
spectrum need not be refocused when changing over to 
ultra-violet radiation. 


a | 


Adaptability to any standard type microscope. 


Write for information 





COMPLETE 


GA res. LEMS S&S, y fn P SERVICE FACILITIES 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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Orbiting Words 


_In the last 20 years the number of telephones in the world has 
risen from 27 million to more than 192 million. This vast communi- 
cations network is linked intercontinentally by radio, which varies in 
dependability with changes in the ionosphere, and by a few trans- 
oceanic cables. People here and abroad have been quick to see in 
communications satellites a way to escape from the present limitations 
On Overseas communications. 

Scientists of the American Telephone and Telegraph Company re- 
cently proposed to the Federal Communications Commission that the 
company be licensed to start an experimental program within a year. 
Ultimately, company officials would like to operate 50 active repeater 
satellites in random polar orbits to link 13 pairs of transmitter-receiver 
stations in different parts of the world. The cost of this system, which 
would provide 600 telephone circuits between each pair of terminals, 
would be about $115 million, if each satellite could be launched for 
$1 million and the ground installations cost $65 million. If a two-way 
television channel were to be added for each pair of terminals, costs 
would rise to $170 million. 

It is apparent that A.T.&T. officials think the satellite proposal 
both technically and economically feasible. In this they are not alone. 
W. F. Hilton, writing in the British journal the New Scientist (6 Octo- 
ber), states that relaying telephone calls by satellite will be “the most 
lucrative” of the civil uses of space and advocates a British program. 
He assumes that a satellite system could compete economically with 
cables and radio with only 50-percent launching success and a 1-year 
life for the satellites. If 90-percent launching success and a 22-year 
life could be attained, the cost of transoceanic calls could be reduced 
to one-fortieth of the present rate. 

Both the British and the A.T.&T. proposals assume that the satel- 
lites would be launched “at cost.” This means at immediate cost, but 
in this country Congress will have to decide whether account should 
be taken of the hundreds of millions of dollars that have made launch- 
ing possible. Other policy questions arise. Should A.T.&T. be given 
a head start in commercial exploitation of space? What about the in- 
terests of other corporations? The same questions will have to be 
asked about other nations, for each has a valid claim to the use of 
space and to a fair allotment of frequency channels. 

The limitations on available frequencies will, in fact, offer one of the 
greatest obstacles to establishment of a satellite network. The compe- 
tition for channels is intense; the best channels for satellite use are al- 
ready allocated for radar, public and private radio, radioastronomy, 
and experimental satellites. Should channels for commercial satellites 
be taken away from private users, whose allocations are under the 
control of the Federal Communications Commission, or from the mili- 
tary and civil defense, whose allocations are under the control of the 
Interdepartmental Radio Advisory Committee? 

Even if satisfactory agreements can be worked out within the U.S., 
formidable obstacles remain. If the United States and the United King- 
dom can agree on their shares of responsibility and on wavelength, 
they will still have to negotiate agreements with members of the Inter- 
national Telecommunication Union, which serves as the authority for 
frequency allocations among 101 nations. A formidable task for 
science and diplomacy!—G.DuS. 





Easier done than said... 


with 

BAUSCH & LOMB 
DYNOPTIC 

MICROSCOPES 


ier od 


You'll focus in seconds. The B&L Dynoptic focusing sys- 
tem floats on ball bearings and rollers for the fastest, easiest 
operation ever. And you’ll keep that focus with no drift 
or backlash. 

Fatigue-free comfort ... your hands rest on the table for 
orientation and fine focusing for precise operation. As you 
examine your specimen, the wide, flat, clear Dynoptic field 
makes it easier for you to interpret . . . is easier on your 
eyes. There’s plenty of light, too, for deeply stained speci- 
mens, phase contrast or dark field work. 

And best of all, you’re all ready to go in less than the 
time it took to tell you. Why not 
see the Dynoptic difference for 
yourself ina free demonstration? 


BAUSCH & LOMB 






















BAUSCH & LOMB INCORPORATED 
64211 Bausch Street, Rochester 2, N. Y. 


I'd like (7 literature on... [] a demonstration of: 


(2 Dynoptic Laboratory Microscopes, 0-185 
(| Dynoptic Research Microscopes, D-1057 
() Dynoptic Polarizing Microscopes, D-130 
() Dynoptic Metallurgical Microscopes, D-1053 
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CURRENT PROBLEMS IN RESEARCH 





Semiconducting Compounds 


New semiconductors reveal striking relations 
between composition and structure. 


In the last two decades electronic de- 
vices in the form of photocells, recti- 
fiers, thermistors, transistors, solar cells, 
radiation detectors, and so on, have 
rapidly become of outstanding impor- 
tance not only in research and industry 
but also in our everyday life. In spite 
of their widely varying applications and 
appearances, these devices have some- 
thing in common: in one form or an- 
other they all contain some semicon- 
ducting material. As a result of this, a 
big effort has been made to come to a 
better understanding of the physics and 
chemistry of semiconductors. In par- 
ticular, it was felt that the compara- 
tively small number of semiconducting 
materials known at the beginning of the 
last decade was insufficient for our 
needs, and systematic searches for new 
semiconducting compounds have been 
undertaken. 

The discovery and subsequent study 
of a new semiconductor is not only of 
help to the device engineer, who is con- 
stantly on the lookout for the material 
best suited for his purposes, but is also 
of fundamental interest because at 
present the only reliable way to come 
to an understanding of the influence of 
chemical composition and crystal struc- 
ture upon the properties of semiconduc- 
tors is to investigate series of chemically 
and structurally similar materials. 

As a specific class of solids, semi- 
conductors are perhaps best described 





The author is a staff member of the Division 
of Pure Physics of the National Research Coun- 
cil, Ottawa, Canada. 
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E. Mooser 


in terms of their electrical conductivity, 
which is somewhere between that of a 
metal and that of an insulator. More 
accurately, semiconductors are nearly 
metallic at high temperatures and nearly 
insulating at low temperatures. The law 
—first established experimentally — 
which governs this strong dependence 
of the electrical conductivity o on the 
temperature T is generally of the form 


o = A(T) e748"? (1) 


where A(T) is a slowly varying func- 
tion of temperature and AEF is an 
energy. Moreover, the conductivity (at 
least at low temperatures) depends 
very much on the purity of the semi- 
conducting material and, in the case of 
a compound, on any deviation from 
stoichiometric composition. Minute im- 
purity contents (10 to 10° impurity 
atoms per cubic centimeter) and slight 
deviations from stoichiometry can in- 
crease the conductivity by orders of 
magnitude. 

This behavior was first interpreted in 
1931 by Wilson (/, 2) in terms of the 
electron energy spectrum—the band 
structure—of semiconductors. When an 
atomic gas condenses to form a solid, 
the atomic energy levels widen into a 
series of energy bands. Wilson pointed 
out that in a semiconductor the num- 
ber of electrons occupying these bands 
must be such that all bands up to and 
including the so-called valence band 
are completely filled at T = O and that 
the next higher band, the conduction 
band, must be empty and separated 
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from the valence band by a finite energy 
gap AE which is of the order of the 
thermal energy kT (Fig. 1a). In con- 
trast to this, the uppermost occupied 
energy band in a metal is only partly 
filled by electrons (Fig. 1b). Because 
at T = 0 all energy levels in the val- 
ence band are occupied, an electric field 
applied to a semiconductor cannot in- 
crease the translational energy of the 
electrons: there are no empty states of 
higher energy available for the elec- 
trons to move into. The electrons in 
the completely filled valence band there- 
fore cannot carry an electrical current. 
However, if some of the electrons of 
the valence band are excited (thermally 
or otherwise) across the energy gap 
into the conduction band, they become 
free to move throughout the solid. 
Moreover, the “holes” left behind in 
the valence band by the excited elec- 
trons also contribute to the conduction, 
because, as can be shown, they behave 
like free, positive charge carriers. 

Statistical mechanics tells us that at 
temperature T the number n of elec- 
trons excited across the gap AE, and 
hence the number p of holes in the 
valence band, is 


n= pee (2) 


On the other hand, we know that the 
electrical conductivity resulting from 
the presence in a solid of a free elec- 
trons and p free holes is given by: 


o = Neun + pep (3) 


where e is the electronic charge and 
jun and pp are the mobilities (that is, 
the velocities in unit electric field) of 
the electrons and holes, respectively. 
If we add that both ps» and pp are slowly 
varying functions of temperature, then 
we see, by combining Eqs. 2 and 3, 
that theory does indeed reproduce the 
experimentally established Eq. 1. 

To interpret the influence of impuri- 
ties upon the conductivity of semicon- 
ductors, Wilson (2) further showed 
that impurity atoms introduced substi- 
tutionally into the lattice of a semicon- 
ductor are responsible for the occur- 
rence in the band structure of additional 
energy levels. Thus, if the impurity 
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atoms each have one valence electron 
less than the atoms which they replace, 
a normally empty energy level occurs 
at or slightly above the upper edge of 
the valence band. If the impurity atoms 
each have one valence electron more 
than the replaced atoms, a normally 
occupied level is introduced at or 
slightly below the lower edge of the 
conduction band. Electrons can then 
be excited thermally (or otherwise) 
from the valence band into the nor- 
mally empty acceptor level (Fig. 2a) 
or from the normally occupied donor 
level into the conduction band (Fig. 
2b). The net result of this is that in a 
semiconductor containing acceptor or 
donor impurities, or both, the numbers 
of both free electrons and free holes 
differ from the numbers found in the 
pure material. Equation 3 then informs 
us that this change in the numbers of 
charge carriers affects the conductivity, 
and this is indeed observed experi- 
mentally. 


Chemical Composition 


of Semiconductors 


While the amount of impurities in a 
semiconductor can be controlled within 
certain limits, other parameters, such 
as the energy gap, are essentially con- 
stants of the material, and their values 
cannot very well be altered. Moreover, 
the charge carrier mobilities, representa- 
tive of yet another group of semicon- 
ductor parameters, while depending on 
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Table 1. The semiconducting A™!!XV com- 
pounds. 
AIP GaP InP 
AlAs GaAs InAs 
AISb GaSb InSb 





purity and crystalline perfection, can- 
not readily be changed in a controllable 
way. It therefore becomes essential to 
the device engineer to have at his dis- 
posal as many different materials as 
possible so that he can choose the one 
best suited to a certain application. But 
beyond the question of technical appli- 
cation, the scientist would like to estab- 
lish the laws governing the dependence 
of the properties of semiconductors on 
their chemical composition, and, there- 
fore, he too has an interest in new semi- 
conducting materials. Moreover, the 
scientist would like to be able to pre- 
dict the chemical compositions and 
crystal structures of any semiconduct- 
ing phases that might occur in a system 
of two or more chemical components. 
The problems involved in making such 
predictions are beyond the reach of 
present-day theory, but the first step 
toward their solution was perhaps made 
when in 1952 Welker (3) predicted 
and found the semiconducting proper- 
ties of compounds, such as indium 
antimonide (InSb), which are formed 
by the elements of group IIIB of the 
periodic table with the elements of 
group VB (see Fig. 3). We assign the 
general formula AX" to this family 





Conduction band 


Energy 











b 


Fig. 1. Schematic band structures of (a) semiconductors and (b) metals. 
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of compounds, thereby indicating that 
the electropositive partners A,B, . . 
(the cations) are group III elements 
and the electronegative partners X (the 
anions), group V elements. Analogous 
formulas are used below to designate 
other families of compounds. A list of 
the semiconducting A™'X‘ compounds 
is given in Table 1, and in Fig. 3 the 
part of the periodic table which is of 
interest to us is reproduced. 

Welker’s predictions were based on 
his recognition of the chemical and 
structural similarities between the A'™X* 
compounds and the group IVB semi- 
conductors silicon, germanium, and 
grey tin. In both the compounds and 
the elements the average number of 
valence electrons per atom is four. 
Moreover, the zinc blende structure of 
the A™'X° compounds is the same as 
the diamond structure of the group IVB 
semiconductors except that in the com- 
pounds the lattice sites are occupied by 
two kinds of atoms (4). Since the 
chemical bonds in compounds always 
have some ionic character, Welker con- 
cluded that they should be stronger 
than the purely covalent bonds found 
in silicon, germanium, and grey tin, 
and on the basis of this qualitative argu- 
ment he predicted that the compounds 
aluminum phosphide (AIP), gallium 
arsenide (GaAs), and indium antimo- 
nide (InSb) should have larger energy 
gaps than the corresponding elements. 
Moreover, since stronger bonds lead to 
smaller amplitudes of the thermal vibra- 
tions, Welker further predicted that the 
charge-carrier mobilities in the com- 
pounds should also be larger. Both 
these predictions were subsequently 
confirmed by experiment. 

Unfortunately, these “Welker rules,” 
together with a series of other equally 
qualitative rules (for a compilation of 
such rules see, for example, 5), are at 
present the only means at our disposal 
to predict the properties of new semi- 
conductors, and it does not seem likely 
that this situation will change very 
much in the near future. If, however, 
we restrict ourselves to predicting semi- 
conductivity rather than detailed prop- 
erties, we are in a better position. Thus, 
Welker’s criterion of chemical and 
structural similarity led to the discovery 
of the semiconducting properties of the 
A'B"X.V!l (6) and A'B'VX,. (7) com- 
pounds such as copper indium telluride 
(CulnTe:) and zinc germanium arse- 
nide (ZnGeAs:)—compounds’ which, 
like the A!"'XY compounds, have an 
average of four valence electrons per 
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Fig. 2. Band structure of impure semiconductors with (a) an acceptor level and (b) a 


donor level. 


atom and which have a chalcopyrite 
structure (see Fig. 6), in which the cat- 
ions and anions also occupy the lattice 
sites of the diamond structure. How- 
ever, there are many semiconductors for 
which this criterion does not apply, and 
in order to develop better means for 
predicting semiconductivity, a more 
generally applicable criterion was 
needed. Such a criterion evolved from 
a survey (8) made in 1956 of the 
chemical bonding in the then known 
semiconductors. 

The bonds in semiconductors are 
predominantly covalent—that is, they 
resemble the bond formed in an H: 
molecule. When two hydrogen atoms ap- 
proach each other their atomic orbitals 
—that is, the charge clouds associated 
with the movement of the electrons 
around the nuclei—begin to overlap 
until they can no longer be distin- 
guished from one another. The two 
electrons are then equally shared be- 
tween the two hydrogen nuclei, and 
their spins are paired (they point in 
opposite directions, see Fig. 4). Be- 
cause covalent bonds result from an 
overlap of atomic orbitals of neighbor- 
ing atoms and because most atomic 
orbitals are not spherically symmetrical, 
covalent bonds usually have strongly 
pronounced directional properties. We 
will see below that this is of consider- 
able importance for the crystal struc- 
tures of semiconductors. If a covalent 
bond occurs between two atoms of dif- 
ferent kinds, then the electrons are no 
longer shared equally by them. In- 
stead, the charge cloud formed by the 
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bonding electrons is shifted toward the 
atom with the higher electronegativity, 
and the bond is said to have some ionic 
character. Finally, at large electro- 
negativity differences the electrons are 
completely centered about the electro- 
negative atom, and the bond is purely 
ionic. 

An atom can form only a limited 
number of covalent bonds. As soon as 
the electrons shared by the atom with 
its neighbors, together with any un- 
shared valence electrons, completely fill 
the valence subshells—that is, as soon 
as the valence of the atom is saturated 
—no further bonds can form. It can 
be shown that the completion of the 
valence subshells of the electronegative 
partners (anions) in a compound leads 
to a band structure of the type repre- 
sented in Fig. la—that is, the com- 
pound is a semiconductor. If the elec- 
tropositive partners (cations) of the 


compound have the necessary number 
of valence electrons to saturate the 
valence of the anions, then the total 
number Ne of valence electrons per 
anion must equal the number of states 
in the valence subshells of the anions. 
If, in particular, the anions require 
filled s and p orbitals—and this is the 
case in the vast majority of semiconduc- 
tors—then 


N.-=8 (4) 
The chemical composition of these semi- 
conductors is, therefore, governed by 
the same valence rule which holds for 
many ionic compounds (see, for ex- 
ample, 9), and one can summarize this 
discussion of the bonding in semicon- 
ductors as follows: Semiconducting 
compounds are normal valence com- 
pounds [exclusive of molecular com- 
pounds (/0)] with predominantly co- 
valent bonding. I should add that in 
a few semiconductors the total number 
of valence electrons exceeds eight. How- 
ever, this electron excess can be com- 
pensated by the formation of cation- 
cation bonds such as are found, for 
example, in gallium telluride (GaTe) 
(11), where the gallium atoms form 
pairs. Similarly, a possible deficiency 
of valence electrons can be compen- 
sated by anion-anion bonds. As an 
example I might mention cadmium 
antimonide (CdSb) (/2), in which the 
anions are linked in pairs. If b- is the 
average number of cation-cation bonds 
formed by each cation and bd, is the 
average number of anion-anion bonds 
formed by each anion, then one can 
rewrite Eq. 4 in the form 


N.+b,s—be =8 (5) 


thereby taking into account the com- 
pensation of any electron excess or de- 
ficiency through the formation of bonds 
between like atoms. 
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Fig. 3. The periodic table (transition elements and rare earths excluded). 
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Fig. 4. The covalent bond in the Hz mole- 
cule. 


To illustrate this relationship, I have 
listed (Table 2) the appropriate values 
of Ne, ba, and b. for a series of semi- 
conductors. It is noteworthy that Eq. 5 
also holds for elemental semiconductors 
if in this case all the atoms are con- 
sidered to be anions. This is a con- 
sequence of the filling, in elemental 
semiconductors, of the s and p orbitals 
of all atoms. 

Through electron sharing an atom 
can, at the most, acquire as many addi- 
tional electrons as the number of elec- 
trons it already has in its valence shell. 
In order that the octets on the anions 
can be completed by the formation of 
electron pair bonds, the anions, there- 
fore, must have a minimum of four 
valence electrons. Indeed, all semicon- 
ductors for which Eq. 5 holds contain 
at least one element from groups IVB 
to VIIB of the periodic table. 

Having discussed the rules governing 
the chemical composition of semicon- 
ducting compounds, let us look at a 
few of these compounds. The simplest 
among them are those of composition 
AX whose components lie symmetri- 
cally with respect to group IVB. They 
are the AMXV, AUXY!, and ALXYVU 
compounds, of which the A'XVY" ones, 
such as, for example, rock salt (NaCl), 
normally show ionic rather than elec- 
tronic conduction. Owing to the large 
ionic component in the bonding (the 























a 


difference between the electronegativi- 
ties of the constituents is large), the 
energy gaps are large—larger in fact 
than the energies necessary to create 
the lattice defects which give rise to 
ionic conduction. However, by adding 
appropriate impurities to these com- 
pounds, donor or acceptor levels, or 
both, can be introduced into their band 
structure, and then electronic conduc- 
tion is observed. The tendency of the 
heavier group IVB atoms tin and lead 
to retain their s electrons and thus to 
act as bivalent cations gives rise to the 
lead sulfide (PbS) family of semicon- 
ductors. By substituting pairs of un- 
equal cations for every two cations of 
the AX compounds mentioned above, 
one arrives at a series of ternary com- 
pounds which all have semiconducting 
properties, provided only that Eq. 5 is 
not violated by the substitution. Best 
known among them are the A'B!VX.V 
(7), ATB™X.'! (6), and A'BVX:¥! (13) 
compounds like zinc germanium arse- 
nide, copper indium telluride, and silver 
bismuth sulfide (AgBiS:), which are 
direct derivatives of indium arsenide 
(InAs), cadmium telluride (CdTe), and 
lead sulfide, respectively. 

Leaving the AX compounds and their 
ternary derivatives, I next mention 
the cation-rich compounds of composi- 
tion A:X. Perhaps the best known 
among them is magnesium stannide 
(Mg:Sn) (/4), in which the two mag- 
nesium atoms provide the four electrons 
necessary to complete the octet on tin. 
If in magnesium stannide we substitute 
a group VIB atom for tin and, to satisfy 
Eq. 5, a group IA atom for magnesium, 
we arrive at the A:!XY' compounds 
(Li:Se and so on), whose crystal struc- 
ture is the same as that of magnesium 
stannide. Little is known about their 


properties, but because of the large 
between 


electronegativity differences 




















Fig. 5. (a) The octahedral and (b) the tetrahedral holes in the close-packed cubic 


structure, 
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Table 2. Appropriate values of Ne, b,, and 4, 
for a series of semiconductors. 








Semi- 

con- Ne ba b, b -_ A 
ductor ¥ . 
InSb 3+5 8 
PbS 2+ 6 8 
InzTe;  ((2 X 3) + 8 

(3 X 6))/3 

CdSb 2+5 1 8 
GaTe 3+ 6 1 8 
Ge A 4 8 
Se 6 2 8 





the components, one would expect them 
to be ionic conductors. There are some 
ternary derivatives of the A:X com- 
pounds which also have the structure 
of magnesium stannide, but so far 
only lithium magnesium antimonide 
(LiMgSb) and lithium magnesium bis- 
muthide (LiMgBi) have been shown to 
be semiconductors (J5). A number of 
A:!XV compounds, such as lithium bis- 
muthide (LisBi) (76), and other alkali 
metal compounds are known to be semi- 
conducting, and so is the ternary de- 
rivative lithium magnesium stannide 
(Li:MgSn) (77), which has the same 
structure. To end the list of cation- 
rich semiconductors I mention the 
A:!!X:Y compounds such as magnesium 
antimonide (Mg:Sb:), whose semicon- 
ducting properties have been studied in 
various laboratories (see, for example, 
18). 

Considering anion-rich compounds 
next, we note that most of those of 
composition AX: are predominantly 
ionic. Nevertheless, there are some 
semiconductors of this composition, 
such as tin disulfide (SnS:). Of the 
AX: compounds, the group VB tri- 
iodides (Bil: and so on) are known to 
be semiconducting. Most anion-rich 
semiconductors are, however, found at 
lower anion-to-cation ratios. Thus, semi- 
conducting properties have been found 
in a series of A:"1X;'! (19) (In:Te:s and 
so on) and A:’X;"' compounds. Among 
the latter, bismuth telluride (Bi:Tes) 
(20) has become rather important in 
the last few years because of its thermo- 
electric properties. Of the anion-rich 
ternaries, the A™B."LX.M (21) com- 
pounds (HgIn:Te: and so on) are known 
to be semiconductors. 

The above list of semiconducting 
compounds is far from complete. Never- 
theless it gives a good indication of the 
great variety of semiconducting ma- 
terials known at present, and it also 
serves to illustrate the rules governing 
the chemical composition cf. semicon- 
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However, no mention has 


ductors. 
been made of compounds containing 
transition elements (titanium, iron, co- 
balt and so on), in spite of the fact 
that many of them show semiconduct- 


ing properties. The reasons for this 
omission are that (i) we do not usually 
have an a priori knowledge of the 
valence of the transition elements and, 
therefore, the rules mentioned earlier 
cannot be applied to predict semicon- 
ductivity, and (ii) it is usually very 
difficult to produce transition element 
compounds in such a form that their 
intrinsic electrical properties can be 
studied accurately. Here, then, is a vast 
field of research open to both the 
theoretician and the experimentalist. 


Crystal Structures of Semiconductors 


Detailed data on the electrical prop- 
erties are at present available only for 
the AX compounds. However, the 
crystal structures of all the semiconduc- 
tors listed in the preceding section have 
been determined, and it is, therefore, 
possible to develop a systematics of 
semiconducting structures (5, 17, 22). 

The bonds in semiconductors are pre- 
dominantly covalent, and it was men- 
tioned above that covalent bonds have 
pronounced directional properties. We 
therefore expect the arrangement of the 
neighbors of each atom in a semicon- 
ductor—in other words, the coordina- 
tion of the atoms—to be typical of 
directed bonds. In fact, we expect 
tetrahedral and octahedral coordina- 
tions to prevail because they arise from 
the formation of tetrahedral sp* bonds 
and octahedral p bonds, respectively, 
and we know that it is mostly the s and 
p electrons which are involved in the 
bonding in semiconductors. Looking 
for three-dimensional arrays of equal 
atoms which are particularly adaptable 
for these coordination configurations, 
we find that close-packed structures 
contain one octahedral and two tetra- 
hedral holes per close-packed site. Fig- 
ure 5a shows the one octahedral hole 
lying completely inside the unit cell of 
the cubic close-packed (face-centered 
cubic) structure. Only the centers of 
the close-packed spheres are marked. 
In Figure 55 four of a total of eight 
tetrahedral holes lying within the unit 
cell are shown. It may be readily seen 
from these figures that if the anions of 
a compound form a close-packed array 
and if the cations occupy some or all 
of the tetrahedral or octahedral holes, 
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or both, of the anion sublattice, then 
tetrahedral or octahedral coordination, 
or both, results. This filling by cations 
of the holes in a close-packed array of 
anions is the “Aufbau principle” of 
most semiconducting structures. Thus, 
Fig. 6 shows how filling by cations of 
half of the tetrahedral holes in a cubic 
close-packed array of anions leads to 
the zinc blende (ZnS) structure of 
many AMXV (InSb), AUX!Y (ZnS) 
and A'XY" (Agl) compounds and to 
the chalcopyrite structure of the terna- 
ries of composition A'B™1X.¥!(CulnTe:) 
and A'BIVX.Y (ZnGeAs:). Filling of 


all tetrahedral holes results in the fluo- 
rite structures of magnesium stannide 
and its derivative lithium magnesium 
antimonide. The rock-salt structure of 
many A 1YXVil A IYVvI, A IVyvi and 
A'BYX:‘! compounds (NaCl, CdO, PbS, 
AgBiS:) is obtained if the cations are 
filled into the octahedral holes. As indi- 
cated in Fig. 6, the structure of lithium 
bismuthide (Li:Bi) (the same is true of 
Li:MgSn) is a superposition of the fluo- 
rite and the rock-salt structures, both 
the octahedral and the tetrahedral holes 
being occupied. Partial filling of the 
cation sites of the zinc blende struc- 
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Fig. 6. Derivation of some semiconducting structures from the close-packed cubic 


structure. 
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Fig. 7. AX structures with cubic close-packed anion substructures and tetrahedral and 


octahedral coordination. 


ture gives rise to the structure of the 
ternaries of composition A™B,1X,V! 
(CdAlS:) as well as to the structures 
of indium telluride (In:Tes) and mer- 
cury iodide (HglI:). Figure 6 also shows 
that the spinel structure, which is found 
in many semi-conductors containing 
transition elements, can be considered 
as a lithium bismuthide structure in 
which some of the cation sites remain 
unoccupied. In the wurtzite (ZnS), 
nickel arsenide (NiAs), cadmium iodide 
(Cdl), and bismuth triiodide phases, 
as well as in magnesium antimonide, 
the anions form a hexagonal rather 
than a cubic close packing, and again 
the cations are located in the tetrahedral 
or octahedral holes, or both, of the 
anion sublattice. More complicated 
anion close packings are observed, for 
example, in silicon carbide (SiC) and 
bismuth telluride (Bi:Tes). 

At this point a series of questions 
come to mind: At what chemical com- 
positions do structures with close- 
packed anion arrays form? When do 
the cations prefer to fill the tetrahedral 
holes, when the octahedral holes? How 
are the cations distributed among the 
available holes if there are fewer ca- 
tions than holes? Is there a relationship 
between the chemical composition and 
the particular type of close packing of 
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the anions? While we do not at present 
know all the answers, some progress 
has been made towards finding them. 
Thus we know (23), for instance, that 
nondirectionally bonded phases prefer 
highly symmetrical and densely packed 
structures which lead to the best pos- 
sible filling of space. Accordingly, the 
numbers of neighbors of each atom— 
that is, the coordination numbers—are 
higher in these phases than in the 
rather loosely packed directionally 
bonded solids. We also know (24) that 
covalent bonds between light atoms 
have the most pronounced directional 
properties and that these properties 
gradually diminish as the bonded atoms 
become heavier. If in a series of chemi- 
cally similar and covalently bonded 
solids we go from the light to the heavy 
representatives, we therefore expect to 
meet crystal structures whose packing 
gradually becomes denser and leads to 
higher coordination numbers. The group 
IVB elements and their structures may 
serve as an illustration. Solid carbon 
is found in two modifications, graphite 
and diamond, in which the coordination 
numbers are 3 and 4, respectively. The 
intermediate elements silicon, germa- 
nium, and tin also crystallize in the 
diamond structure, but in tin we al- 
ready meet a second metallic modifica- 





tion (white tin) with a coordination 
number of 6. In lead this trend towards 
nondirectionally bonded metallic struc- 
tures results in a cubic close packing 
with a coordination number of 12. 

The same trend is observed in com- 
pounds, and it was found (5, 22) that 
the average principal quantum number 
n of the valence shells of the constitu- 
ents is a convenient measure for the 
directional properties of the bonds in 
compounds (25). Strongly pronounced 
directional properties only occur at 
small values of n. However, in com- 
pounds we must take into account also 
the ionicity of the bonds. Ionic bonds 
are nondirectional, and taking the elec- 
tronegativity difference Ax as a measure 
for the bond ionicity, we expect densely 
packed structures and high coordina- 
tion numbers whenever Ax is large. As 
an example, we consider compounds of 
composition AX. Plotting them in an 
n versus Ax diagram (Fig. 7), we find 
that the zinc blende and wurtzite phases, 
in which the cations occupy tetrahedral 
holes, fall within the lower left part of 
the diagram, where n or Ax, or both, 
are small. At large values of n or Ax, 
or both, on the other hand, we find the 
compounds crystallizing in the denser 
rock-salt structure (coordination num- 
ber 6), in which the cations sit in the 
octahedral holes. Also plotted in Fig. 7 
are the chalcopyrite phases of composi- 
tion A'B™X..! and AUBIVX.Y, They, 
too, are directionally bonded and there- 
fore, like the zinc blende and wurtzite 
compounds, they lie on the lower left 
of Fig. 7. Here, then, we find a partial 
answer to the question of when the 
cations occupy the tetrahedral and when 
the octahedral holes. Moreover, since 
the majority of AX compounds crystal- 
lize in either the zinc blende, wurtzite, 
or rock-salt structure, Fig. 7 facilitates 
the prediction of the crystal structures 
of new phases. 

The situation is somewhat more in- 
volved in compounds with anion-to- 
cation ratios differing from 1. Never- 
theless, the directionally bonded phases 
still separate from the nondirectionally 
bonded ones on an n versus Ax plot, 
and valuable information on the system- 
atics of semiconducting structures can 
be gained from such plots (see 22). 


Conclusions 


Rather than describe the detailed 
properties of a few semiconducting 
compounds and the theoretical efforts 
that are being made to interpret them, 
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| have tried here to put the emphasis 
on those basic properties that are com- 
mon to all semiconductors and that 
distinguish them from other solids. It 
is interesting as well as surprising to 
see how the many and various semi- 
conducting compounds are all governed 
by the same simple chemical and struc- 
tural rules. These rules present a chal- 
lenge to the theoretician, who has yet 
to interpret them in a rigorous way. 
They present a challenge also to the 
experimentalist because they introduce 
him to large families of new and un- 
explored semiconducting materials. And 
the challenge is all the greater since it 
is to be expected that, as our knowledge 
of semiconductors and their properties 
increases, the chemical and structural 
rules will be reflected in at present 
largely unknown but much-sought-for 
relationships between the chemical com- 


position and structure of semiconduc- 
tors on the one hand and parameters 
such as energy gap and charge-carrier 


‘mobility on the other. 
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At this date human population will approach infinity 
if it grows as it has grown in the last two millenia. 
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Among the many different aspects 
which may be of interest in the study 
of biological populations (/) is the one 
in which attempts are made to estimate 
the past and the future of such a popu- 
lation in terms of the number of its 
elements, if the behavior of this popula- 
tion is observable over a reasonable 
period of time. 

All such attempts make use of two 
fundamental facts concerning an in- 
dividual element of a closed biological 
population—namely, (i) that each ele- 
ment comes into existence by a sexual 
or asexual process performed by an- 
other element of this population 
(“birth”), and (ii) that after a finite 
time each element will cease to be.a 
distinguishable member of this popula- 
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tion and has to be excluded from the 
population count (“death”). 

Under conditions which come close 
to being paradise—that is, no environ- 
mental hazards, unlimited food supply, 
and no detrimental interaction be- 
tween elements—the fate of a biologi- 
cal population as a whole is completely 
determined at all times by reference to 
the two fundamental properties of an 
individual element: its fertility and its 
mortality. Assume, for simplicity, a fic- 
titious population in which all elements 
behave identically (equivivant popula- 
tion, 2) displaying a fertility of -yo off- 
spring per element per unit time and 
having a mortality 60 = 1/tm, derived 
from the life span for an individual ele- 
ment of tm units of time. Clearly, the 
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Metallkunde 


rate of change of N, the number of 
elements in the population, is given by 
AN 9 N —6.N = aN (1) 
dt 
where do = yo — 6 may be called the 
productivity of the individuai element. 
Depending upon whether a = 0, inte- 
gration of Eq. 1 gives the well-known 
exponential growth or decay of such 
a population with a time constant of 
1/ao. 

In reality, alas, the situation is not 
that simple, inasmuch as the two param- 
eters describing fertility and mortality 
may vary from element to element and, 
moreover, fertility may have different 
values, depending on the age of a par- 
ticular element. 

To derive these distribution func- 
tions from observations of the behavior 
of a population as a whole involves the 
use of statistical machinery of consider- 
able sophistication (3, 4). 

However, so long as the elements 
live in our hypothetical paradise, it is 
in principle possible, by straightforward 
mathematical methads, to extract the 
desired distribution functions, and the 
fate of the population as a whole, with 
all its ups and downs, is again de- 
termined by properties exclusively at- 
tributable to individual elements. If 
one foregoes the opportunity to de- 
scribe the behavior of a population in 
all its temporal details and is satisfied 
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with a general account of its develop- 
ment over long stretches of time, the 
problem reduces to solving Eq. 1, ex- 
cept that N, yo, and @ have to be re- 
placed by appropriate mean values 
(y, 6) taken over several generations, 
over all ages, and over all elements. 
The difficulties encountered in es- 
tablishing the distribution functions for 
y and @ from observations of the be- 
havior of the population as a whole 
should not be confounded with the 
predicament which arises if one drops 
the fictitious assumption that the ele- 
ments are all thriving in a hypothetical 
paradise. While the former difficulties 
can be overcome by “merely” develop- 
ing the appropriate mathematical ap- 
paratus to cope with this intricate 
problem, the difficulties in the latter 
case are of a different kind, since now 
the fate of the population is not any 
longer solely dependent upon the two 
intrinsic properties of the elements— 
their fertility and their mortality. Haz- 
ards in the environment, competition 
between elements for limited food sup- 
ply, the abundance of predators or 
prey—to name just a few factors— 
may all act on either mortality or 
fertility or on both, and in the absence 
of further insight into these mechan- 
isms, Eq. 1 becomes obsolete and noth- 
ing can be said about the long-term 
development of our population. The 
usual way out of this predicament is 
to devise plausible arguments which 
will link the two intrinsic properties 
of our elements with some of the 
characteristics of the environment, in 
the hope that the linkage is adequately 
described and also that one has picked 
those attributes of the environment 
which are most relevant in studying the 
population under consideration (4, 5). 


Environmental Influences 


The usual approach in trying to ac- 
count for the environmental influences 
is to make the productivity a in Eq. 1 a 
monotonic decreasing function of the 
number of elements N. Since, in an 
environment of given size, N is also a 
measure of the density of the popula- 
tion, it is easy to see that increased 
density may in many cases reduce the 
probability of survival for an individual 
clement—for example, where increased 
density aggravates mutual competition 
or improves availability of elements 
for predators, A typical and popular 
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choice of « is a simple linear depend- 
ence of the form 


a=a—aN (2) 


which, inserted in Eq. 1, results after 
integration in what demographers pre- 
fer to call the “logistic growth curve,” 
displaying a “sigmoid” shape, if N is 
plotted linearly against linear time 
(6; 7, p. 67). The choice of this par- 
ticular function is usually justified by 
our general observation that populations 
do not grow beyond all measures but 
settle down to a stationary value Nz, 
which is given at once for g=0 from 
Eq. 2 as Nz = a/ a. Furthermore, rea- 
sonable fits of the resulting function 
have been observed with actual bio- 
logical populations—for example, fruit 
flies in milk bottles (8), bacterial col- 
onies in petri dishes (7, p. 71), and so 
on. 

Regardless of whether or not the 
simple expression given in Eq. 2 is still 
valid if the mechanisms of the inter- 
action between environment and pop- 
ulation are analyzed more carefully, 
there seems to be strong evidence that, 
for instance, in sexually reproducing 
species the advantages of having mates 
more readily available in larger popu- 
lations is more than counterbalanced 
by the disadvantages resulting from a 
stepped-up competitive situation if 
more and more elements have to strug- 
gle for existence in a finite environment. 
In other words, the general idea that 
the productivity may decrease with an 
increase in the number of elements has 
undoubted merits. 


Coalitions 


However, what may be true for ele- 
ments which, because of lack of ade- 
quate communication among each 
other, have to resort to a competitive, 
(almost) zero-sum multiperson game 
may be false for elements that pos- 
sess a system of communication which 
enables them to form coalitions until 
all elements are so strongly linked that 
the population as a whole can be con- 
sidered from a game-theoretical point 
of view as a single person playing a 
two-person game with nature as _ its 
opponent. In this situation it is not ab- 
surd to assume that an increase in ele- 
ments may produce a more versatile 
and effective coalition and thus not 
only may render environmental haz- 
ards less effective but also may improve 





the living conditions beyond those 
found in a “natural setting.” 

The human population may serve as 
a typical example, as evidenced by its 
steady social build-up during historical 
time, its vigorous urbanization in recent 
centuries, and its extensive development 
of the means of mass communication 
in recent decades. 

Since a, the productivity, reflects in 
a sense the living standard of the popu- 
lation, one is tempted to hypothesize 
that the productivity of populations 
comprised of elements capable of mu- 
tual communication is a monctonic 
increasing function of the number of 
elements. Tentatively, let a be a weak 
function of N: 


a = a NV (3) 


where o and k ~ 1 are later to be de- 
termined from experiment. Inserting 
Eq. 3 into Eq. 1, and integrating, yields, 
with the integration constant deter- 
mined (t=t...N=WN:) at once the 
desired dependence of N (t): 


t—th\* 


fim—it (4) 


where the characteristic date to replaces 
a collection of constants: 





N= ( 


k 
to=h+ ]7 Ni, (5) 


For obvious reasons, to shall be called 
“doomsday,” since it is on that date, 
t = to, that N° goes to infinity and that 
the clever population annihilates itself. 

If “dooms-time” 7 =t—t (that is, 
the time left until doomsday), Eq. 4 
can be rewritten as N=K/-z*. This 
form is listed below together with two 
other relations easily derived from Eqs. 
3 and 4. 


N = K/7* (6) 
axk/r (7) 
At=(l—p™")er (8) 


where 


er ae 


In these equations the constant K rep- 
resents the fundamental constants ao and 
k as seen in Eq. 9; in Eq. 7 the produc- 
tivity is given as a function of dooms- 
time and increases more and more 
rapidly as one approaches doomsday; 
Eq. 8 expresses the time intervalA tp be- 
fore a population which has N elements 
at time +7 will have pN elements. If 
p = 2, one speaks about the “doubling 
time” of the population, and it may be 
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worth while to note that in this popu- 


lation, A tp, the “p-folding time” is a ~ 


linear function of dooms-time, in strong 
contrast to exponentially growing pop- 
ulations, where these intervals are fixed 
for all times: A tp = (1/a0) Inp, 1/ao 
being the time constant of the growth 
process. 


Human Population 


In order to check whether or not the 
hypothesis expressed in Eq. 3 has any 
merit at all, we took the human world 
population as a test case, since it was 
felt that the most reliable long-range 
data on the development of a popula- 
tion comprised of communicating ele- 
ments may be found in the history of 
men. The use of estimates of the world 
population rather than of populations 
of certain geographical regions elimi- 
nates to a certain extent the influence 
of local fluctuations and migration. A 
bibliographical search produced 24 es- 
timates (see 9-11) of the world popula- 
tion, ranging over approximately 100 
generations from the time of Christ 
(t = 0) almost to the present (t = 1958). 
These estimates were carefully checked 
with respect to their independence, and 
those which were suspected of being 
merely cross references in the literature 
were eliminated from the statistics in 
order to avoid improper weighting. 

The method of least squares was em- 
ployed in order to extract from the 
data the three values ft, K, and k; the 
following values were obtained: 


to = A.D. 2026.87 + 5.50 years (10a) 
K = (1.79 + 0.14) x 10" (105) 
k = 0.990 + 0.009 (10c) 


The root mean square deviation for 
all points considered is approximately 
7 percent. 

With these values Eqs. 6, 7, and 8 
become, with p = 2: 


N = 1.79 x 10°/7°* (11) 
a = 0.99/r per annum (12) 
A f= 0.445 «+ + years (13) 


And finally, through Eq. 9, with Eqs. 
105 and 10c, we obtain for a, a= 
So XE 

Figure 1 is a graphical representa- 
tion of the accepted data together with 
the theoretical function (Eq. 6) for 
which values of Eq. 10 have been em- 
ployed. By using logarithmic axes for 
the number N of elements, as well as 
for dooms-time 7, advantage has been 
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taken of the fact that, if (and only if) 
an appropriate value for ft has been 
established, experimental results should 
appear on a straight line with negative 
slope k in a double logarithmic plot. 

For convenience, the abscissa is 
marked on the lower margin in his- 
torical time ¢ and reads from right to 
left, while on the upper margin, from 
left to right, dooms-time 7+ is indicated. 
Similarly, on the left margin of the 
abscissa the number N of elements is 
recorded, while the right-hand margin 
gives the global population density 
n in elements per square mile; this 
value is simply obtained by dividing 
the number of elements by the area 
A of all the lands of the earth: A = 
5.27 X 10° square miles. For compari- 
son, some density estimates for 1958 
are indicated. 

From inspection of Fig. 1 and con- 
sideration of the small root mean 
square deviation of 7 percent, it may 
be seen that, even without making such 
generalizations as led to Eq. 6, Eq. 11 
seems to serve as an adequate empirical 
formula for representing most of our 
recorded data on human population 
growth, covering a time interval of 
about two millenia. In the light of the 
interesting singularity supposed to oc- 
cur at t= ft ~ A.D. 2027, the question 
arises as to the reliability of an extrap- 
olation beyond a time f* < bh. 

It requires only simple calculations 
to show that if Charlemagne had had 
Eq. 6, with the evidence he could have 
had with respect to the world’s popu- 
lation, he could have predicted dooms- 
day accurately within 300 years. Eliza- 
beth I of England could have predicted 
the critical date within 110 years, and 
Napoleon within 30 years. Today, 
however, we are in a much better po- 
sition, since we are required to extrap- 
olate our evidence only 4 _ percent 
beyond our last point of observation: 
we can predict doomsday within ap- 
proximately 10 years. 

Although it is always fascinating to 
imagine one’s future fate, the possi- 
bility of deriving some fun by extrapo- 
lating our function into the past should 
not be overlooked. We find that 1 mil- 
lion years ago the world population 
was about 200,000 individuals, and 12 
million years ago, not more than per- 
haps 15,000 of Hurzeler’s Abominable 
Coal Men (/2) populated Tuscany. If 
we wish to extrapolate much further 
into the past we must be prepared to 
find inconsistencies, since the assump- 


tion of the communicability of ele- 
ments will to some extent lose its 
meaning. Thus, if one desires to cal- 
culate the date of the emergence of a 
hypothetical “Adam”—that is, N =1 
—one finds it about 200 billion years 
ago. Even astronomers in their wildest 
speculations have not yet come up with 
an age of the universe which would 
approximate this figure [current esti- 
mates ~ 24 billion years (/3)]. 


Optimists versus Pessimists? 


It is hoped that the preceding ex- 
posé will add some fuel to the heated 
controversy about whether or not the 
time has come when something has 
to be done about population growth 
control. This controversy has divided 
those elements of the population under 
consideration who profess to show 
some interest in human affairs into 
two strictly opposed camps (/4): the 
optimists, who see in the population 
explosion a welcome expansion of their 
clientele, be it consumers of baby 
goods (15), voters, or devoted souls 
(76), and, on the other hand, the pes- 
simists, who worry about the rapid 
depletion of the natural resources and 
the irreversible poisoning of our bio- 
sphere (/4, 17). While the optimists 
adhere to the thesis that no matter how 
fast the population is growing, food 
technology and the industrial sciences 
will easily keep pace with the develop- 
ment and thus will maintain the ele- 
ments of the human population—at 
least for some generations to come—in 
a perfect state of economic and indi- 
vidual health, the pessimists prefer to 
paint the future of mankind in not 
quite the same rosy colors by pointing 
to the increasing growth rate of the 
population while assuming that indus- 
trial and scientific development will 
proceed at a much slower pace. Hence, 
the pessimists anticipate that further 
rapid increase in the population density 
will be accompanied, by a deterioration 
in human dignity, and they see the 
ultimate fate of the human race as a 
mere vegetation of the individual on 
the edge of existence, if no measures 
are introduced to keep the world popu- 
lation under control (78). 

When we refer to our population 
growth curve as given in Eq. 11 and 
in Fig. 1 and remember the premise 
under which it was derived, it is ob- 
vious that the optimist’s viewpoint is 
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Fig 1. World population N (left scale) and world population density n in elements per square mile (right scale) observed (circles), 
calculated after Eq. 11 (solid line) and projected by different authors (triangles) as a function of historical time ¢ (bottom scale), 
and of dooms-time r (top scale). The numbers associated with each point are references. 
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correct: man has always been able to 
develop the appropriate technology to 
feed himself, or he has always pro- 
duced the appropriate population to 
master his technological tasks. This 
can be conjectured from the relatively 
small deviations which actual popula- 
tion counts show as compared with 
calculated values, in spite of the fact 
that during the last two millennia men 
underwent several fundamental techno- 
logical revolutions. Thus, we may con- 
clude with considerable confidence that 
the principle of “adequate technol- 
ogy,” which proved to be correct for 
over 100 generations, will hold for at 
least three more. Fortunately, there is 
no need to strain the theory by undue 
further extrapolation, because—and 
here the pessimists erred again—our 
great-great-grandchildren will not starve 
to death. They will be squeezed to death. 
In view of this uncomfortable pic- 
ture it is clear that, while the pessi- 
mists, One way or another, are “Mal- 
thusians by profession,” the optimists 
must be “Malthusians at heart,” hop- 
ing that at some time, somehow, some- 
thing will happen that will stop this 
ever-faster race to self-destruction. 


Population Servo 


But in a highly communicating so- 
ciety there is no need to invoke good 
old Malthus again, who may cite this 
or that environmental factor whose 
abundance or depletion may curb ex- 
cess productivity. There is no need to 
wait until an external mechanism in- 
fluences human activity. Since today 
man’s environment becomes less and 
less influenced by “natural forces” and 
is more and more defined by social 
forces determined by man, he himself 
can take control over his fate in this 
matter, as well as he has done in almost 
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all areas of life where the activity of 


‘the individual has influenced his own 


kind. 

There is no doubt that it will be ex- 
traordinarily difficult to establish a con- 
trol mechanism, a “peoplo-stat” so to 
speak, which would keep the world’s 
population at a desired level. The im- 
portant point to note here, however, 
is that it is of secondary importance 
to find out what this level should be. 
The primary problem consists of find- 
ing means to keep it constant, whatever 
this level might be. This means that, 
if a particular N*, supposed to remain 
constant, is chosen, obviously dN/dt 
must vanish, or a — 0; hence, y° = 
1/tm’. 

Since the tendencies today do not 
point in the direction of observable 
efforts to reduce the mean life span, 
tm, of human individuals—on the con- 
trary, we see a steady increase in this 
value—it is clear that our peoplo-stat 
has to control the fertility y, and has 
to maintain it at the level 1/tm. Today, 
this means cutting the birth rate to 
about half its present value or, in 
other words, cutting the size of an av- 
erage family to just a little above two 
children. Tomorrow, of course, it will 
be more difficult, since—as we have 
seen—the gap between birth rate and 
death rate is widening every minute. 

Among the suggestions that have 
been advanced for meeting this prob- 
lem—legislation, heavy taxation of 
families that have more than two chil- 
dren, cancellation of tax deductions, 
and so on—space travel has been pro- 
posed recently as ar. alternative (/9). 
t is only unfortunate that no re-entry 
permit to earth can be given these 
space-trotters. 
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Charles Singer, Historian of 


Medicine, Science, ‘Technology 


In a long life in which he remained 
enviably active until the end, Charles 
Singer (1876-1960) found time for 
virtually three careers. As a young man 
he went up to Oxford as a scholar of 
Magdalen College and qualified in 
medicine in 1905; at once he embarked 
on extensive travels to enrich his medi- 
cal experience. He went to Ethiopia, as 
medical officer to a surveying expedi- 
tion, and to Singapore, Egypt, Greece, 
and Italy. After four years he settled in 
London to undertake pathological re- 
search and to build up a consulting 
practice, working at the Research Insti- 
tute of the Cancer Hospital and at the 
Dreadnought Hospital for seamen. Not 
until just before the first World War 
did his attention turn seriously to the 
field in which he was later to establish 
an international reputation for scholar- 
ship, namely the history of science and 
medicine. An earlier interest in this was 
crystallized into a resolve to make it a 
full-time study by his marriage in 1910 
to Dorothea Waley Cohen, herself an 
acknowledged scholar in this field. Thus 


y 


began both a remarkable—indeed al- 
most unique—husband-and-wife part- 
nership and a second phase in Singer’s 
career. 

Circumstances made the early years 
of the partnership difficult. The couple 
went first to Heidelberg to extend their 
knowledge and experience and then, at 
Osler’s invitation, settled in Oxford, 
where they became the center of a small 
but able group of scholars interested 
in the history of science. As an excep- 
tional concession by Bodley’s librarian, 
a room was set aside for them in the 
Radcliffe Camera. They had scarcely 
organized their lives for these new tasks, 
however, when the first World War 
broke out and Singer went back to 
orthodox medical practice, this time 
with the Royal Army Medical Corps. 
Posted to Salonika, he promptly availed 
himself of the opportunity to learn 
modern Greek. Equally characteristi- 
cally, when his military service later 
took him to Malta he found time for 
archeological and anthropological re- 
search. Meanwhile, at home his wife 
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was busy with her Catalogue of Greek 
Alchemical Manuscripts in the British 
Isles, which appeared in 1921. At the 
same time she was able to keep her 
husband supplied with books and papers 
so that despite the war and his service 
abroad he published the first volume 
of his Studies in the History and 
Methods of Science in 1917; the second 
volume appeared three years later. 
Singer returned to Oxford to a posi- 
tion more formal than he had had when 
he left, for he was appointed lecturer in 
the history of the biological sciences. 
His stay was short, however, for he 
soon moved on to University College, 
London, as lecturer in the history of 
medicine. There he remained until his 
retirement, his status being raised to 
that of professor in 1931. Retirement, 
however, marked not the closing of his 
career but the opening of a third phase 
in it. For reasons of health he elected 
to settle in the west of England. At his 
home at Par, in Cornwall, with its 
splendid view over St. Austell Bay, he 
established and extended his fine library 
and continued to work with undimin- 
ished vigor; to this period belong some 
of his major works. Such are, for ex- 
ample, The Earliest Chemical Industry 
(1948), Vesalius on the Human Brain 
(1952), and A Short History of Scien- 
tific Ideas (1959). The first of these, a 
history of the manufacture of alum, 
represented entry into a new field of 
learning—the history of technology— 
which firmly captured his imagination. 
Not long afterwards he initiated and 
was a joint editor of the History of 
Technology, of which the fifth and final 
volume appeared in 1958. Although the 
completion of this task was largely the 
work of younger colleagues, he main- 
tained the closest interest in it to the 
end and, indeed, always looked upon it 
as one of the great achievements of his 
life. It was at Par that he died, still full 
of plans for new works, in his 84th year. 
Such, in briefest outline, was Singer’s 
career, but it does less than justice to 
his immense output of scholarly writing: 
even to list this here would require more 
space than is available. His nimble and 
inquiring mind ranged widely, and the 
subjects of his books include Anglo- 
Saxon magic (to which his Early Eng- 
lish Magic and Medicine was a major 
contribution); the influence of Israel on 
the modern world; the evolution of 
anatomy (on which he gave a course of 
lectures at the Royal College of Physi- 
cians); and early herbals. Besides this, 
he contributed widely to the learned 
journals relating to his chosen sphere. 
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He was ever ready to support organiza- 
tions devoted to the history of medicine 
and science. In the years of his retire- 
ment he was president of the British 
Society for the History of Science 
(1946-49) and of the International 
Society for the History of Science 
(1947-1950). The pursuit of his studies 
brought him many opportunities for 
travel. In the 1930’s he lectured at 
Johns Hopkins—where he was later 
offered, but declined, the professorship 
of the history of medicine—and Phila- 
delphia, and was for a year visiting 
professor at the University of California. 
A distinction that gave him particular 
pleasure was the honorary D.Sc. con- 
fered upon him by the University of 
Oxford in 1957. In 1953 his colleagues 
combined to honor him with a two- 
volume collection of historical essays— 
Science, Medicine and History. 

Such were the outward manifesta- 
tions of his erudition and experience, 
but what of the nature of the man him- 
self? Of this it is difficult to write, for 
one of the penalties of living to an 
advanced age is that few, if any, con- 
temporaries survive to recall one’s early 
years. In character as well as in learning 
he was a man of parts, but the quality 
that many of his friends will best re- 
member is his sense of humor, gentle 
and never malicious. Gentleness was, in- 


deed, a quality that one quickly recog- 


nized, though one soon found it was a 


mistake to confuse this with lack of 
determination. He was, as he liked to 
proclaim, a man of peace, but if he 
set his heart on something he was al- 
ways ready to try a different approach 
if the first one failed. More often than 
not his persuasiveness and tenacity 
carried the day. Again, behind a 
scholarly detachment from the mundane 
routine of daily life there lurked a mind 
astute enough where it had to deal with 
larger practical problems; one felt that 
while perhaps he could not boil an egg 
yet he was alive enough to the realities 
of any project of scholarship on which 
he had set his heart, whether on his own 
account or—more often—that of others. 
He was, indeed, always ready to help 
others, especially younger men, both in 
professional advancement or personal 
problems. This side of his character 
found many opportunities for expres- 
sion during the German persecution of 
Jewish scholars in the 1930’s. Himself 
the son of the rabbi of the West End 
Synagogue in London, his sympathy 
was at once aroused by the plight of 
refugees. Those of his coreligionists who 
escaped from the terror and made their 
way to England found him ever help- 
ful to those shocked and bereaved by 
the foul excesses of the Nazi regime; to 


Science in the News 


Nixon and Kennedy on the Geneva 
Test Ban Talks, Disarmament; 
Conferees Await Election Outcome 


The Geneva test ban negotiations be- 
came front-page political news last week. 
The negotiations did not immediately 
become a campaign issue, much to the 
relief of official Washington, but never- 
theless the seeds of controversy were 
planted, and the situation may be quite 
different by the time this appears. 

The Vice President announced that 
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if elected he would move immediately 
to bring the two-year-old talks to a 
climax. In a speech he said had the 
approval of the White House, Nixon 
said that the day after the election he 
would ask President Eisenhower to send 
Henry Cabot Lodge to Geneva “with 
a view to resolving this question by 
February 1.” “I would have Mr. 
Khrushchev understand that if, at the 
end of the 80-day period—by February 
1—there is no progress, the United 
States will be prepared to detonate 


those whose interests lay within his own 
field he offered practical aid in rebuild- 
ing shattered careers. He played an im- 
portant part in founding the Society for 
the Protection of Science and Learning. 
Although his main interest was in the 
history of science, medicine, and tech- 
nology his erudition extended far be- 
yond this. He had a particular interest 
in the history of the Jewish race and 
religion and the relationship of the 
latter to Christianity. The Legacy of 
Israel, of which he was joint editor 
with E. R. Bevan in 1927, was an im- 
portant, practical manifestation of this 
interest. He had a lifelong interest in 
biology and during the last war set up 
a teaching laboratory in his house at 
Par for the benefit of schools that had 
been evacuated to the West of England. 
In conversation there were few subjects 
to which he could not contribute some- 
thing, always modestly, whatever the 
company. One had to be nimble-witted 
indeed to keep up with him even when 
he was in his eighties; as a young man 
he must have been formidable indeed. 
The world of learning is the poorer for 
his passing; one can only be thankful 
that he was spared for so long to make 

his outstanding contribution to it. 
TREVOR I. WILLIAMS 

Endeavour, North Block, Thames 

House, Millbank, London, S.W.1 


atomic devices necessary to advance 
our peaceful technology. . . . Further, 
I would have him understand that if 
an agreement is not signed within a 
reasonable period after February 1, the 
United States will have no alternative 
but to resume underground testing of 
atomic weapons.” 

Nixon said that if an agreement was 
in sight by 1 February (presumably if 
substantial agreement had been reached 
on the critical question of inspection 
rights) he would meet with Khrushchev 
and Macmillan “to make the final agree- 
ment at the summit.” He said that he 
had no intention of breaking off the ne- 
gotiations themselves, but that the un- 
policed moratorium on testing that has 
been in force since the negotiations be- 
gan in 1958 could not be continued 
much longer “without seriously jeopard- 
izing the very objective towards which 
we hoped the Geneva negotiations 
would point—peace and human sur- 
vival.” 

Nixon said that we have no assur- 
ance that the Russians have been obey- 
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ing the pledged moratorium on testing 
over the past two years and that, in the 
absence of some real indication that the 
Russians are prepared to accept an ade- 
quate system of controls and inspection, 
the United States cannot afford to con- 
tinue the moratorium much longer. 
“During these two years of negotiation, 
we have not detonated any nuclear de- 
vices and the Soviets know that we have 
not. However, during the same period 
the Soviets have fired at least one large 
underground explosion and_ several 
small ones. They state that these have 
not been nuclear shots—simply high 
explosives. We have no way of knowing 
whether this is the fact. Nor will the 
Soviets permit us—or the United Na- 
tions, or neutral nations—to make an 
inspection. . . . The history of weapons 
development is such that it requires only 
between three and four years to com- 
plete a new breakthrough. Two years 
of this time has passed, as the United 
States has worked earnestly for this 
positive step toward eliminating the war 
threat to all humanity. Where has this 
left us? We have no agreement. There 
is reason to believe the Soviets may 
have used the time to attempt to over- 
take us. We cannot prolong the risk 
much longer.” 

Nixon said that if the Russians are 
serious about their professed desire to 
reach agreement on an adequate con- 
trol system there is no reason that the 
agreement could not be substantially 
worked out in the 80 days between mid- 
November and 1 February. “We must 
resolve this issue now,” he said. “We 
must never allow the Soviets, by deceit, 
to make America second in nuclear 
technology. We must act now to break 
this Soviet filibuster against peace and 
the security of the free nations.” 


Kennedy’s Position 


Nixon’s proposal was similar to the 
position taken by Kennedy several 
weeks ago in reply to an open letter 
from Thomas E. Murray, a former 
member of the Atomic Energy Com- 
mission, asking both candidates to en- 
dorse an immediate resumption of un- 
derground weapon tests. “If elected,” 
Kennedy said, “I will direct vigorous 
negotiations, in accordance with my 
personal instructions on policy, in the 
hope of concluding a realistic and ef- 
fective agreement. . . . I intend to pre- 
scribe a reasonable but definite time 
limit within which to determine wheth- 
er significant progress is being made. 
At the beginning of the period, I 
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would direct the Atomic Energy Com- 
mission to proceed with preliminary 
preparations for underground tests. 

“If, within the period,” Kennedy 
said, “the Russians remain unwilling 
to accept a realistic and effective agree- 
ment, then the world will know who 
is to blame. The prompt resumption of 
underground tests to develop peaceful 
uses of atomic energy, research in the 
field of seismic technology, and im- 
provement of nuclear weapons should 
then be considered, as may appear ap- 
propriate in the situation then exist- 
ing.” 

Thus both candidates say that they 
would press the Russians to show 
that they are prepared to make the 
concessions on control and inspection 
necessary for an agreement; neither 
has committed himself to resumption 
of weapon testing at any specific 
date. (Nixon’s proposal commits him 
to a resumption shortly after 1 Febru- 
ary of the tests involving peaceful 
uses of nuclear explosions—Project 
Plowshare—but not to an immediate 
resumption of weapon tests.) Never- 
theless, Nixon, in a part of his address 
which does not seem to have been 
widely reported in the press, was high- 
ly critical of Kennedy’s proposal. His 
criticism raises the possibility that the 
negotiations could become a major is- 
sue in the last days of the campaign 
should Nixon choose to press his at- 
tack. 


Nixon’s Criticism 

“My opponent,” said Nixon, “. . . 
would want, even at this late date, to 
continue or reopen negotiations with 
the Soviets with new negotiators and 
new instructions. . . . He is saying, in 
effect, that the negotiations of the past 
two years have not been sufficiently 
vigorous and that [the negotiators’] in- 
structions have not been adequate to 
the task. He is proposing a course of 
action which would delay any possible 
resolution of this vital matter for much 
too long—far beyond any margin of 
safety—since he is proposing to handle 
the matter with new men and new in- 
structions. 

“The delay, and Senator Kennedy’s 
reasons for it, are both unacceptable. 
I say to him that it is impossible to im- 
ply in truth that these negotiations 
could have been pursued with greater 
vigor or sincerity on the part of Am- 
bassador Wadsworth and our career 
negotiators and our top scientists. I 
say to him that no instructions would 





have produced agreement to date, ex- 
cept and unless we had been willing 
to sacrifice the principle of adequate 
inspection. The only major obstacle to 
an atomic test agreement has been, and 
is now, the Soviet refusal to accept 
adequate inspection. Clearly, then,” 
Nixon said, “the only ‘new policy in- 
structions’ through which the United 
States could remove this obstacle 
would entail surrender on this point. 
The security of the United States, and 
of the entire free world, simply will 
not permit either such a surrender or 
the indefinite continuation of the pres- 
ent moratorium entirely without in- 
spection.” 

Nixon said he was referring to the 
position Kennedy had taken in his re- 
ply to Murray’s open letter. “The 
people of the United States, like mil- 
lions of people all over the world,” 
Kennedy had said, “are anxiously hop- 
ing for an effective and realistic agree- 
ment outlawing nuclear tests—which 
means an agreement that is not de- 
pendent on faith alone, but one en- 
forceable through an effective system 
of international inspection and control. 
... It is possible that our negotiators, 
who have earnestly tried to negotiate 
a realistic and effective test ban, have 
exhausted every avenue of agreement, 
but since I have neither taken part in 
the negotiations, nor had personal re- 
ports from the negotiators, who are 


not representatives chosen by me, I ~ 


lack personal assurance of the {utility 
of further discussion which alone 
would persuade me to urge the 
abandonment of so high an _ objec- 
tive.” It is not clear whom Nixon was 
quoting when he referred to the “new 
policy instructions” he said Kennedy 
planned. Kennedy did not use the 
phrase. 


Difference in Attitude 


Although Nixon’s attack on Kenne- 
dy’s position seemed a little contrived, 
there was a detectable difference of tone 
in the two men’s statements on the ques- 
tion, and the difference is one that shows 
up whenever the candidates discuss the 
problems of the test ban and of disarm- 
ament generally. Nixon, in the few pub- 
lic statements he has made, normally 
begins by agreeing that the objective is 
important, but devotes himself mainly 
to warning of the danger of agreeing 
to anything without secure controls and 
inspection rights. This was the pattern 
in his statement on the test ban, and in 
his reply to the request of the Bulletin 
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of Atomic Scientists that both candi- 
dates give their views on the Geneva 
conference. 

“There is no question as to our desire 
to enter into a disarmament agreement,” 
Nixon said. “The problem is securing 
an agreement that is enforceable—be- 
cause an agreement without adequate 
inspection provisions, which one party 
might honor and the other might not, 
would seriously and perhaps fatally in- 
crease rather than reduce the risk of 
war. ... The road to war is paved with 
agreements based solely on mutual 
trust.” 

Kennedy, too, warns of the pitfalls 
of inadequately policed agreements. In 
his reply in the Bulletin of the Atomic 
Scientists, he went further and said that 
American forces, both conventional and 
nuclear, must be strengthened in order 
to increase world stability. But he differs 
from Nixon both in being less quick to 
place the entire blame for the lack of 
progress on the Russians and in talking 
much more of the necessity of pursuing 
disarmament. He has repeatedly criti- 
cized the Administration for not mak- 
ing what he regards as a sufficiently 
strenuous effort to see what can be 
done about disarmament. “Here is a 
gap as serious as the missile gap,” said 
Kennedy, “the gap between America’s 
incredible inventiveness for destruction 
and our inadequate inventiveness for 
peace. We prepare for the battlefield, 
but not for the bargaining table. We 
pour our talent and funds into a fever- 
ish race for arms supremacy, by-passing 
almost entirely the quest for arms con- 
trol.” 

“I do not say,” Kennedy went on, 
“that we should rely simply on trust 
in any agreement. Certainly we need 
an inspection system which is as reli- 
able and thorough as modern science 
and technology can devise. However, 
even with such a system, there will be 
risks. Peace programs involve risks as 
do arms programs, but the risks of 
arms are even more dangerous. Those 
who talk about the risks and dangers 
of any arms control proposal ought to 
weigh—in the scales of national secu- 
rity—the risks and dangers inherent in 
our present course.” 


A Complex Problem 


The whole problem of the test bar 
is one that is almost impossible for 
anyone outside the very highest circles 
of the Administration to assess. Nixon 
referred, in his statement, to the 
“obvious” need for a “foolproof” in- 
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spection system. If he meant this 
literally, then there will be no test ban 


‘ agreement. The scientific testimony at 


the hearings of the Joint Congressional 
Committee on Atomic Energy last 
spring (Science, 29 April) made it 
clear that not even the most ardent 
supporters of a test ban claim that any 
inspection system possible in the im- 
mediate future could be described as 
foolproof. 

The problem is not to decide wheth- 
er the inspection system is going to be 
foolproof. Everyone knows it will not 
be. Any agreement will involve risks. 
The problem is to evaluate the risks. 
The temptations of a government to 
cheat on a test ban agreement depend 
on how important the expected gains 
from clandestine testing are compared 
to the risk of being caught at it, which 
would not only largely destroy the 
cheating nation’s carefully built up 
“image” as a peace-loving nation, but 
eliminate for a long time the possi- 
bility of reaching agreement on other 
areas of disarmament. No nation, after 
all, could accept disarmament agree- 
ments based, as they must be, on less- 
than-foolproof controls, with a nation 
which had already demonstrated its 
readiness to cheat on such agreements. 

To evaluate the risks one must have 
access to top secret assessments of the 
possibilities for advances in nuclear 
technology, to top secret military as- 
sessments of the significance of such 
advances, to other top secret assess- 
ments of the ability of our intelligence 
agencies to gather information that, 
combined with what can be learned 
through the formal inspection system, 
would offer a reasonably good chance 
to detect any violation of the agree- 
ment and a good probability that at 
least one of a series of such violations 
would be detected. 

Other information needed relates to 
the state of Soviet nuclear technology 
and to expert evaluations of Soviet in- 
tentions as demonstrated by their ne- 
gotiators at Geneva and the attitude of 
leading Soviet officials. An assessment 
must be made of the degree of risk 
the United States should accept in 
order to make some progress toward 
stopping the spread of atomic weapons 
and toward making some progress in 
slowing down the arms race. 

The outcome of all this evaluation 
will be a decision based on a balancing 
of the risks one way or the other. It 
is a difficult decision for the President 
and the few others who have access to 


all the relevant information, which is 
far from as complete as they would 
like it to be. It is just not possible for 
anyone outside the very highest circles 
of the Administration to make a well- 
founded, firm decision on just what 
we should do about the Geneva talks. 
The situation may well be that both 
sides are convinced that a test ban is 
in their mutual interest but that the 
talks will fail nevertheless because the 
Russians cannot bring themselves to 
accept the degree of inspection and 
control that would lower the American 
risk of accepting less than foolproof 
controls to an acceptable level. 





Meanwhile, at Geneva, the negoti- 
ations entered their third year last 
week with everyone simply marking 
time until the election is decided. A. M. 
Rosenthal reported in the New York 
Times: “The United States delegation 
is not in a position to make any major 
moves until the elections are over. 
The British delegation is waiting for 
the United States. The Soviet Union’s 
delegation has been relaxing for weeks, 
making it quite clear that it thinks 
nothing of any importance will happen 
until the United States elects a Presi- 
dent.” 

The conferees have agreed on a 
good deal of the legal framework of a 
treaty that would provide inspection 
and controls to police a ban on under- 
ground nuclear’ explosions large 
enough to stand a reasonably good 
chance of being detected and identi- 
fied by existing methods. The treaty 
would be accompanied by an un- 
policed moratorium on smaller tests 
(those which would register below 
4.75 on the seismic scale of earthquake 
magnitudes) and by an international 
research program to develop a system 
for policing the smaller tests. 

But no agreement has been reached 
on either the length of the unpoliced 
moratorium on the smaller tests or on 
the more critical question of exactly 
what inspection rights the rival powers 
will hold. Nor has agreement been 
reached on a system of carrying out the 
trial underground explosions of nuclear 
devices which the West feels must be a 
necessary part of the research program 
to improve detection methods. 

All that is being done at Geneva now 
is for both sides to exchange accusa- 
tions over who is to blame for the long 
delay in working out answers to all 
these questions.—H.M. 
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News Notes 





Burnet and Medawar Share Nobel 
Award in Physiology and Medicine 


Sir Macfarlane Burnet, 61, professor 
of experimental medicine at Melbourne 
University in Australia, and Peter Brian 
Medawar, 45, professor of zoology at 
University College, London, have been 
named joint recipients of the 1960 No- 
bel Prize for Physiology and Medicine, 
which this year amounts to approxi- 
mately $43,700. They are being hon- 
ored for their “discovery of acquired 
immunological tolerance,” by showing 
that under certain conditions a body 
can be induced to tolerate the trans- 
plantation of foreign tissue. 

All body cells in animal and man 
carry a distinct, individualistic immu- 
nological pattern. If a foreign immu- 
nity pattern is introduced through a 
tissue graft or organ transplant, an im- 
munity reaction sets in and antibodies 
are produced that destroy the alien mat- 
ter. A homograft usually takes at first, 
then dies in about 2 weeks and is 
sloughed off. 


Theory Formulated in 1949 


In 1949 Burnet, who heads the Wal- 
ter and Eliza Hall Institute for Medical 
Research in Melbourne, formulated an 
immunity theory in which he held that 
a body does not inherit the capacity to 
“recognize” tissues of its own strain but 
that it gradually develops this ability 
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Sir Macfarlane Burnet. [Australian Official Photograph] 








Peter Brian Medawar. [Basic Books] 


during the embryonic period. He pre- 
dicted that if foreign tissues were intro- 
duced during this formative stage, the 
body would later tolerate them if they 
were reintroduced. 

This theory of acquired tolerance was 
proved valid by Medawar and his co- 
workers, who published a report in 
1953. Mouse embryos were inoculated 
while in the womb with tissue from 
mice of a different breed. When simi- 
lar tissue was grafted to the animals 
after birth, the operations were success- 
ful. 

Medawar gives particular credit for 
this work to Rupert Billingham and 
Leslie Brent, who worked with him first 


as students and later as colleagues. Bill- 
ingham now is at the Wistar Institute 
in Philadelphia. 

Since the confirmation of Burnet’s 
theory, it has been found that x-rays 
and cortisone can overcome the im- 
munity barrier to foreign tissue in an 
adult animal that has not received pre- 
natal treatment. This method was used 
recently at the Harvard Medical School 
in a successful kidney transplant from 
one brother to another. 

The discovery of the tolerance phe- 
nomenon was described in the citation 
released by the Karolinska Institutet in 
Stockholm, which selects the annual 
medical award winners for the Nobel 
Foundation, as “a major breakthrough 
in the field of immunology” that has 
opened “a new chapter in experimental 
biology, with several problems of great 
practical medical importance laid open 
to attack.” 


Climatron Dedicated at 
Missouri Botanical Garden 


The Missouri Botanical Garden in 
St. Louis dedicated its new climate- 
controlled display and research green- 
house, called “The Climatron,” on 1 
October. In addition to the trustees of 
the Garden, under the chairmanship 
of Robert B. Smith, many distinguished 
visitors were present. Detlev Bronk, 
president of the Rockefeller Institute, 


delivered the dedicatory address. Mayor - 


Tucker, Chancellor Shepley of Wash- 
ington University, Father Hastings of 
St. Louis University, and William C. 
Steere, director of the New York Bo- 
tanical Garden, gave short talks. 

The Climatron is unique in that it 
has two separate air-conditioning sys- 
tems, one of which operates during the 
day and the other during the night. 
Each system is designed to produce a 
gradient of temperatures throughout 
the building, and the two systems oper- 
ate in different directions at an angle 
to each other of 90°. This makes it pos- 
sible to maintain an entire range of 
climates in different. parts of the house, 
but with no physical separation of the 
various areas. Another special feature 
is the indirect lighting; 112 large lamps 
project their light against the Plexiglas 
cover of the greenhouse, and the light 
is then reflected back into the growing 
areas. 

Construction of the new greenhouse 
is the first phase of a master plan for 
redevelopment of the Garden that has 
been worked out by Frits W. Went, 
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in to recover objects from orbit. The data were furnished by the National Aeronautics and Space Administration. 
ual Weight Lifetime ses Trans- 
bel Name Type Date —— . ies Scientific value mitting 
a Total Payload Total Useful data 
1as Explorer I Cylinder 31 Jan 58 31 Ib 18 lb 3-5 yr 105 days 217-1573 mi Geiger counters and mi- No 
tal crometeorite detector. 
Discovery of Van Allen 
cat ff radiation 
' 
en b Vanguard I Sphere 17 Mar 58 3% Ib 200-1000 yr Indefinite 409-2453 mi Thermometers. Geodetic Yes 
studies 
Lunik I Sphere 2 Jan 59 3245 Ib 800 Ib Indefinite 65 hr Solar orbit Follow-up of Sputnik III No 
findings on the iono- 
sphere, atmospheric den- 
sity, and cosmic rays 
Vanguard II Sphere 17 Feb 59 21% Ib Indefinite 27 days 347-2046 mi Placed in orbit No 
in Pioneer IV Cone 3 Mar 59 1314 Ib Indefinite 90 hr Solar orbit Geiger counters, de-spin No 
te- device. Data on Van 
>n- Allen radiation penetra- 
1 tion and extension into 
' space 
0) ; ° 
: Explorer VI Spheroid with 7 Aug 59 142 Ib 2 yr (?) 156-26,357 mi Magnetic field measure- No 
nip vanes ments; cloud-cover scan- 
ied . ning; whistler radio ex- 
nk periment; detailed cross 
: section of radiation sur- 
ite, rounding earth 
/Or Vanguard III Sphere and 18 Sept 59 100 Ib 50 Ib = 30-40 yr 85 days 320-2320 mi Magnetic measurements; No 
sh- cylinder temperature and micro- 
of meteorite measurements 
&; Explorer VII Cones 13 Oct 59 91% Ib 20-30 yr 1 yr 344-673 mi Measurements of Van Yes 
30- Allen and cosmic radia- 
tion; study of earth’s 
; heat balance, micro- 
it meteorites 
ys- Pioneer V Sphere plus 11 Mar 60 95 Ib 40 lb 100,000 yr 106 days Solar orbit Long-range communica- No 
the vanes tion; studies of solar- 
ht flare effects, particle en- 
at . ergies and distribution, 
/ a magnetic field in space 
ut Tiros I Cylinder 1 Apr 60 270 Ib 50-100 yr 78 days 429-466 mi Cloud-cover photogra- Yes 
er- phy 
gle Transit IB Sphere 13 Apr 60 265 Ib 16 mo 1-3 mo 233-479 mi Navigation system for No 
OS- ships and aircraft 
of Spacecraft 15 May 60 5 tons Indefinite 188-229 mi No 
ise 
he Midas II Cylinder 24 May 60 2% tons 40 mo 2 days 292-322 mi System for detecting Yes 
missile launchings with 
ure infrared sensors 
ps Transit IIA Sphere 22 June 60 223 Ib 50 yr 1 yr (2) 389-665 mi Detection of “galactic Yes 
las noise” radio waves 
ght NRL satellite Sphere 22 June 60 42 Ib 50 yr 1 yr (2?) 382-657 mi Measurement of solar Yes 
ing radiation 
Echo I Sphere 12 Aug 60 240 Ib Indefinite Indefinite 945-1049 mi Communications satel- Yes 
use lite with reflective alu- 
for minum surface 
nas Courier IB Sphere 4 Oct 60 . 500 lb 300 lb Indefinite 1 yr (2) 501-658 mi Communications satel- Yes 
nt, lite 
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lower stage containing a lily pool, 
planted with specimens from the Gar- 
den’s world-famous collection of water 
lilies; this is connected to a series of 
rice paddies displaying rice in various 
stages of development. In this area there 
are also a Hawaiian garden profusely 
planted with tropical flowers and a 
tropical mist forest. 

On the upper level there is a greater 
variety of plants—ranging from coffee, 
tea, and rubber plants in one section to 
vegetation of a steaming Amazon 
jungle in another. 


New Program in Space Geology 
Announced by Geological Survey 


The U.S. Department of the In- 
terior has announced that the Geologi- 
cal Survey is launching a research pro- 
gram in astrogeology that will be fi- 
nanced by the National Aeronautics 
and Space Administration. The pro- 
gram includes geologic analysis of pho- 
tographs of selected areas on the moon; 
studies of terrestrial craters; investiga- 
tions into the origins and composition 
of tektites, meteorites, and related ma- 
terials that are possibly of impact ori- 
gin; and experimental research on the 
mechanics of impacting objects. 

In the new studies, large-scale dia- 
grams will be prepared of specific areas 
on the moon that have been selected by 
NASA as landing sites for space ve- 
hicles. In order to gain all possible 
geologic information in single and also 
in stereoscopic photographs, existing 
methods for taking lunar photographs 
will be supplemented by several lines of 
investigation. 

For example, during the past 4 years 
Survey geologists have been investigat- 
ing two types of terrestrial crater that 
probably have lunar equivalents—me- 
teorite impact craters and volcanic cra- 
ters. Although they differ in the me- 
chanics of formation, in subsurface 
structure, and in certain surface char- 
acteristics, these two types of craters 
can be superficially similar. A detailed 
understanding of their formation 
should make it possible to produce 
valid photogeologic interpretations of 
their lunar counterparts. 

This research is also of fundamental 
importance in any photogeologic analy- 
sis of the history of the lunar crust. 
Much valuable information is expected 
to be gained, too, from comparisons 
of earth materials in the vicinity of 
known craters with target rocks pur- 
posely subjected to very high velocity 
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impacts at NASA’s Ames Research. 


Center, Moffet Field, Calif. 

Tektites, meteorites, and related ma- 
terials found on earth will be studied 
to determine what they are made of 
and to seek new evidence on where, 
when, and how they originated. Con- 
siderable knowledge has been gained 
about meteorites already, but the ori- 
gin of tektites, those mysterious bits 
of pitted, rounded, glassy material found 
in many parts of the world, is still 
highly controversial. Some of the other 
matters the Survey scientists hope to 
pursue include investigation of the na- 
ture and flight time of particles in space 
and investigation of the nature of ob- 
jects most likely to be found on the 
moon and the part they play in altering 
the face of the moon. 


Dental Survey Results 
Reported by Education Council 


Results of the most extensive survey 
of dentistry ever made in the United 
States were announced recently. Car- 
ried out by the American Council on 
Education, the 2-year survey was fi- 
nanced by grants from the W. K. Kel- 
logg Foundation, the Rockefeller Broth- 
ers Fund, the Louis W. and Maud Hill 
Family Foundation, and the American 
Dental Association. 

John A. Perkins, president of the 
University of Delaware, was chairman 
of the commission that directed the 
study, which was established to “as- 
sess the achievement, resources, and 
potentialities of dentistry with a view 
to determining the desirable areas of 
future growth and development.” The 
survey identified four of the nation’s 
major dental problems. 

The American people generally set 
an astonishingly low priority on dental 
care. 

There is an increasing need for more 
dentists to care for the nation’s bur- 
geoning population. 

Despite the country’s great wealth, 
some of its citizens are unable to pay 
for the comprehensive dental -care that 
is desirable. 

Even more extensive use must be 
made of the auxiliaries in the dental 
field—the dental hygienist, the dental 
assistant, and the dental laboratory 
technician. 

The largest financial item in the rec- 
ommendations of the survey was that 
for the program concerned with dental 
care of children. It is estimated that the 
program urged would cost $120 million 





the first year, leveling off within 12 
years to an annual expenditure of $940 
million. 

In the area of dental research, the 
commission suggested that present 
funds, about $45 million, be increased 
to $1 billion. 


News Briefs 


Vassar centennial: science and so- 
ciety. “The Growing Political Role of 
the Academic Scientist” was examined 
by Bentley Glass of Johns Hopkins 
University in the opening address of a 
conference on science and society being 
held today and tomorrow at Vassar 
College. This Conference on the Nat- 
ural and Social Sciences is the first of 
three major conferences planned to 
celebrate Vassar’s centennial year. 
Others on the 2-day program are Ernest 
C. Pollard and Donald W. Taylor of 
Yale University, and Ernest Nagel of 
Columbia University. 

* * * 

Health group visits U.S.S.R. A team 
of six American scientists left on 12 
October for the Soviet Union to survey 
progress in the field of maternal and 
child care. The 30-day mission is spon- 
sored by the U.S. Public Health Serv- 
ice’s National Institute of Neurological 
Diseases and Blindness. A group of 
Russian specialists will make a similar 
study in this country at a later date. 


Members of the U.S. group are: Stewart - 


H. Clifford; Allan C. Barnes, Katherine 
Bain, Bernard G. Greenberg, Edith L. 
Potter, and Fred S. Rosen. 

* * * 

Yale sesquicentennial. The Yale Uni- 
versity School of Medicine celebrated 
the 150th anniversary of its found- 
ing with a 2-day sesquicentennial pro- 
gram, 28-29 October. Heading the 
list of distinguished speakers were Sir 
Howard Florey, Nobel laureate from 
England, and Lloyd G. Stevenson, 
noted medical historian and dean of 
medicine at McGill University in Cana- 
da. Some 1500 guests attended. 

* * * 

Nuclear testing in space. The Atom- 
ic Energy Commission has announced 
the establishment at Los Alamos, N.M., 
of an experimental ground-based sta- 
tion for studying one of the methods 
which might be used to detect nuclear 
detonations in near space. The station’s 
equipment, developed by the Los Ala- 
mos Scientific Laboratory, will test an 
atmospheric fluorescence detection 
technique that has been proposed for 
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inclusion in the world-wide network 
of nuclear test detection stations being 
discussed in Geneva. The new device 
uses a narrow band filter and an op- 
tical detector mounted behind a wide 
angle lens to detect visible fluorescence 
from a nuclear explosion. 
* we a 

Harvard nutrition building. Ground 
was broken on 19 October for the new 
four-level nutrition research building 
to be erected in Boston by the Harvard 
School of Public Health. The building 
has been made possible through a gift 
of $102,600 a year for 10 years from 
the General Foods Corporation. 


Scientists in the News 


Massachusetts Institute of Tech- 
nology is establishing a department of 
nutrition, food science, and technology 
that will be headed by Nevin S. Scrim- 
shaw, director of the Institute of Cen- 
tral America and Panama and regional 
adviser on nutrition of the Pan Ameri- 
can Health Organization, regional office 
of the World Health Organization. The 
new department, which is formed 
around the existing food technology de- 
partment, will conduct a greatly ex- 
panded program of research and teach- 
ing in nutrition. Scrimshaw, who is at 
present an adjunct professor of public 
health nutrition at Columbia University 
and a visiting lecturer at the Harvard 
School of Public Health, will assume his 
duties at MIT on 1 August 1961. 

Executive officer of the new depart- 
ment will be Samuel A. Goldblith, who 
has been associated with the department 
for many years and who has served as 
acting head since the death last Septem- 
ber of Bernard E. Proctor. 





Nevin S. Scrimshaw 
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Richard W. Vilter of the University 
of Cincinnati has received the $1000 
Goldberger Award, jointly presented 


each year by the American Medical As- 


sociation and the Nutrition Foundation, 
for a long-term study of the causes 
of anemia in the United States. In his 
award address, Vilter said that his in- 
vestigation indicates that only about 4 
percent of anemia in the United States 
is caused by deficiencies of vitamin 
Bw, folic acid, or vitamin C. A more 
important cause—responsible for 18 
percent of the anemia observed at Cin- 
cinnati General Hospital, the site of 
the 3-year survey—is iron deficiency 
due to chronic loss of blood. An addi- 
tional 78 percent is caused by other 
factors “unrelated” to nutrition. As a 
result, Vilter holds that it is medically 
wrong to prescribe vitamins routinely 
for anemia. 


N. Rashevsky, professor and chair- 
man, Committee on Mathematical Biol- 
ogy, University of Chicago, is spending 
5 months in Italy as research consultant 
in mathematical biology at the Univer- 
sity of Genoa. 


Louis Levin, former head of the 
Office of Institutional Programs for 
the National Science Foundation, has 
joined the faculty of Brandeis Univer- 
sity as its new dean of science. Levin, 
known for his work in the life sciences, 
also assumes the post of associate dean 
of faculty and chairman of the School 
of Science Council at Brandeis. In addi- 
tion, he will function as the university’s 
director of academic grants. 


The award winners at the recent an- 
nual meeting of the American Institute 
of Biological Sciences included the fol- 
lowing two scientists. 

Janet R. Stein, instructor in the de- 
partment of botany and biology at the 
University of British Columbia, who 
received the Darbaker Prize of the 
American Botanical Society of America 
for “meritorious work in the study of 
algae based primarily on papers pub- 
lished during the previous two calendar 
years.” 

Robert Ornduff, graduate student at 
the University of California, Berkeley, 
who received the American Society of 
Plant Taxonomists’ George R. Cooley 
Award for the “best taxonomic paper 
presented at the annual meeting of the 
society.” Ornduff has recently been ap- 
pointed assistant professor in the de- 
partment of biology at Reed College, 
Portland, Ore. 


Alan L. Leiner, formerly chief of the 
digital systems section of the National 
Bureau of Standards, has recently joined 
the International Business Machines re- 
search organization as manager of ma- 
chine organization at the Mohansic 
Laboratory. He is being joined in his 
new assignment by three other former 
members of the National Bureau of 
Standards, A. Weinberger, J. L. Smith, 
and W. A. Notz, who had been as- 
sociated with him. 


Stephen Rothman has retired from 
his post of professor and head of the 
section of dermatology in the depart- 
ment of medicine at the University of 
Chicago. As professor emeritus he will 
continue to conduct research work in 
the Argonne Cancer Research Hospital, 
which is operated by the university for 
the Atomic Energy Commission. He is 
succeeded by Allen L. Lorinez, associ- 
ate professor of dermatology at the uni- 
versity since 1957. 


Scott Adams has taken up his duties 
as deputy director of the National Li- 
brary of Medicine. Formerly librarian 
of the National Institutes of Health, 
Adams has been serving since 1959 as 
director of the Foreign Science Informa- 
tion Program of the National Science 
Foundation. In his new position he is 
responsible for the development and 
operation of extramural grant programs 
in support of activities in the field of 
medical communications and medical 
librarianship. 

He has the assistance of Estelle Brod- 
man, who has relinquished her post as 
the chief of the Reference Division after 
11 years of service. Robert B. Austin 
is now serving as acting chief of the 
Reference Division. 


David L. MacAdam, research physi- 
cist and department head at the East- 
man Kodak Company, is the new presi- 
dent-elect of the Optical Society of 
America. He will assume this title in 
January 1961 and take office as presi- 
dent in January 1962. Wallace R. Brode, 
former State Department science ad- 
viser and a past president of the AAAS, 
is now president-elect and will take 
office as president next January. James 
G. Baker of the Harvard College Ob- 
servatory is the incumbent president. 


Laurence E. Strong, professor of 
chemistry at Earlham College and di- 
rector of the Chemical Bond Approach 
Project, has left for a 3-month visit in 
South Africa and parts of Central 
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Africa. He will explore science educa- 
tion programs in Africa and discuss 
with teachers and others the various 
course-content improvement projects in 
the United States. The trip is sponsored 
jointly by the United States—South 
Africa Leader Exchange Program, the 
African-American Institute, the Carne- 
gie Corporation, and the National Sci- 
ence Foundation. 


Harold Orlans, formerly director of 
studies for the White House Conference 
on Children and Youth, has been ap- 
pointed to the Brookings Institution 
staff to conduct a study of the impact 
of federal programs on higher educa- 
tion, particularly on the quality of in- 
struction. The study is being supported 
by a contract with the U.S. Office of 
Education. Before his White House Con- 
ference assignment, Orlans served as 
chief of the National Science Founda- 
tion’s foreign science section. 


Willem D. Malherbe of the faculty 
of veterinary science in Onderstepoort, 
South Africa, has accepted an appoint- 
ment as visiting professor of clinical 
laboratory medicine at the University 
of Pennsylvania’s School of Veterinary 
Medicine, effective 1 October. 


Father Francis N. Glover, a Jesuit 
priest who is a physicist at the Boulder 
Laboratories of the National Bureau 
of Standards, left in mid-September for 
10 months in the Philippine Islands, 
where he will conduct research in upper- 
atmosphere physics at Manila Observa- 
tory (Baguio) and at the Far Eastern 
University in Manila. 


Jacob Sachs, professor of chemistry 
at the University of Arkansas, has just 
returned from 6 months as visiting pro- 
fessor of biochemistry at the medical 
school of the University of El Salvador 
and consultant to the Salvadorean Nu- 
clear Energy Commission. His mission 
was conducted under the direct tech- 
nical assistance program of the Division 
of Science Development, Organization 
of American States. 


A. V. S. de Reuck, former assistant 
editor of Nature, has been appointed 
deputy director of the Ciba Founda- 
tion for the Promotion of International 
Cooperation in Medical and Chemical 
Research, London. 

M. P. Cameron has returned to the 
Ciba Foundation as scientific assistant 
and librarian after 5 years in the United 
States. 
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The annual Thomas William Salmon 
Lectures, the outstanding American psy- 
chiatric lectureship, will be delivered on 
5 December at the New York Academy 
of Medicine by Harry F. Harlow, re- 
search professor at the University of 
Wisconsin since 1930. 


J. Ernest Wilkins, Jr., mathematician 
and an authority on nuclear reactor 
theory, has joined General Dynamics 
Corporation’s General Atomic Division 
in San Diego, Calif., as assistant chair- 
man of the theoretical physics depart- 
ment at the John Jay Hopkins Labora- 
tory for Pure and Applied Science. Pre- 
viously Wilkins served as manager of 
research and development at Nuclear 
Development Corporation of America, 
White Plains, N.Y., where he directed 
fundamental and applied work on nu- 
clear reactor shielding, reactor core 
physics, reactor dynamics, and new fuel 
element concepts. A major part of his 
work has been in the area of the pene- 
tration of matter by neutrons and gam- 
ma rays. 


John O. Corliss, associate professor 
of zoology at the University of Illinois, 
is on sabbatical leave for 1960-61 and 
is serving as honorary research associate 
in the department of zoology at Uni- 
versity College London, London, Eng- 
land. 


David K. Cheng and Mark T. Ma of 
Syracuse University’s electrical engi- 
neering department were named award 
winners at the recent National Elec- 
tronics Conference for their paper, “A 
new mathematical approach for linear 
(antenna) array analysis.” 

Glen Wade of the Raytheon Com- 
pany was also named an award winner 
for his tutorial paper, “Parametric am- 
plification with solid-state materials 
and with electron beams.” 


Henry B. Linford, professor of chemi- 
cal engineering at Columbia University, 
has received the 1960 Edward Good- 
rich Acheson Gold Medal of the Elec- 
trochemical Society in recognition of his 
distinguished service to the society and 
for his contributions to education in 
electrochemistry. 


Leon J. DeMerre, former senior sci- 
entist with the Department of Hygiene 
of the State of New York, has been 
named head of the food and drug labo- 
ratories in the scientific department of 
Joseph E, Seagram and Sons, Inc., New 
York. 





John B. Newkirk, for 9 years re- 
search associate in the department of 
metallurgy and ceramics at the General 
Electric Research Laboratory in Sche- 
nectady, N.Y., has accepted an appoint- 
ment as professor of chemical and 
metallurgical engineering at Cornell 
University. The new appointment is 
connected with the Materials Science 
Center now being established at Cornell. 


A $4-million program in materials 
science, recently announced by the Uni- 
versity of Pennsylvania, will be directed 
by John N. Hobstetter, professor of 
metallurgical engineering. The research 
program is to be conducted for the Ad- 
vanced Research Projects Agency of 
the Department of Defense. 


Recent Deaths 


Henry B. Froning, South Bend, Ind.; 
76; chemist and dean emeritus of the 
College of Science at the University of 
Notre Dame; joined the faculty in 
1920 as a chemistry professor and was 
head of the department of chemistry 
and chemical engineering in 1940, 
when he was appointed dean; retired 
in 1943; 18 Oct. 

Charles A. Holden, Concord, N.H.; 
88; former dean of Dartmouth Col- 
lege’s Thayer School of Civil Engineer- 
ing; was a professor at Dartmouth from 
1901 until he retired in 1937; was also 
a hydrographer for the U.S. Geological 
Survey from 1900 to 1904 and served 
as a New Hampshire state engineer 
from 1916 to 1937; 12 Oct. 

Abram Joffe, Leningrad, U.S.S.R.; 
80; physicist member of the Soviet 
Academy of Sciences whose work con- 
tributed largely to the launching of his 
country’s sputniks; specialized in semi- 
conductors; was instrumental in the 
establishment of important research 
centers throughout the Soviet Union, 
including the Physico-Technical Insti- 
tute of the Academy of Science, which 
he helped found in 1951; 13 Oct. 

Walter A. Rukeyser, Montreal, Cana- 
da; mid-60’s; mining engineer and ge- 
ologist, formerly of New York; spe- 
cialist in the mining of asbestos; wrote 
Working for the Soviets: An American 
Engineer in Russia, published in 1932; 
19 Oct. 

Margaret Storey, San _ Francisco, 
Calif.; 60; Stanford University zoologist; 
assistant curator, zoology, Natural 
History Museum, was the only woman 
in the country officially registered as a 
timer of track events; 18 Oct. 
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The Enlargement of the Presidency. 
Rexford G. Tugwell. Doubleday, 
New York, 1960. 508 pp. $6.95. 


The Presidency of the United States 
is the highest secular office on earth. 
The personal power of the President of 
the United States, exercisable by him 
alone, without control by any other 
authorized person or court, is greater 
than that of the Prime Minister of 
Great Britain (even when the Cabinet 
is with him) and greater than that of 
Khrushchev, First Secretary of the 
Communist Party of the Soviet Union 
and Premier in the constitutional ma- 
chinery of that nation. In spite of this 
depth and scope of power, the awful 
and dangerous responsibility is con- 
fided to one man and only one man; 
and, again in spite of this, the method 
of selection is such that Tugwell be- 
lieves only six out of more than 30 
Presidents have been creatively equal to 
their obligations. 

These are the conclusions that 
emerge from this diligent and luminous 
study of the evolution of the Presi- 
dency, properly entitled The Enlarge- 
ment of the Presidency. My own 
phrase, the “engorgement” of the 
Presidency, is designed to suggest, more 
roughly, the grave problem in state- 
craft which Tugwell has consciously 
raised. Can any one man possibly do 
the job? 

Tugwell shows how the apparently 
meager clauses of the Constitution re- 
garding the duties and powers of the 
President have been bodied forth, during 
170 years, by the genius and enterprise 
(sometimes not by the brain but by 
mere instinct) of the strong Presidents 
until the President’s role in the govern- 
ment of the United States and in Ameri- 
can leadership in the world would cause 
the Founding Fathers to gasp at their 
immensity. For, today, the President 
has become the Chief Executive over a 
tremendous apparatus of officials and 
functions; the Chief Diplomatist and 
Guardian of the Security of the Nation, 
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external and internal; the Chief Legis- 
lator, in that the Congress awaits and 
works on the program of legislation 
that emanates from him, affirmed by 
his power to veto, to strike down what 
he does not like; National Planner of 
economic progress; Social Mentor, to 
commend to the nation a better social 
ethic; Party Chief, so that he may use 
party organization to commend and 
manipulate into effectiveness the talent 
he possesses; Chief of State, to sym- 
bolize the nation’s majesty and to edu- 
cate the millions who are but tyros in 
the comprehension of what living in 
the fellowship of a nation means. 

Tugwell unfolds the _ intermittent 
stages, the leaps forward, the back- 
sliding, in this staggering evolution by 
identifying the nodal points in the 
general history of the United States at 
which the man’s character and talents 
have been called forth, in “Presidential 
moments,” to solve and to ward off 
disasters, to meet moral commitments, 
to foster progress. The facts are abun- 
dant, the analysis perspicuous and 
telling. Washington, Jefferson, Monroe, 
Jackson, Polk, Lincoln, Cleveland, 
Theodore Roosevelt, Woodrow Wilson, 
and Franklin Delano Roosevelt are the 
conspicuous “greats.” Their persons 
and tactics proceed from a little land 
of rural settlements, as isolated from 
the world as was naturally possible, 
through the conquest and settlement of 
a subcontinent, to a new economy and 
complete immersion in the moral life 
of the whole world. 

The three rules of action. This colos- 
sal enlargement of the office of Presi- 
dent was accomplished under three im- 
pulses—The Rule of Necessity, The 
Rule of Restraint, and the Rule of Re- 
sponsibility—in Tugwell’s formulation. 
These rules are created (or not) by 
the Presidents for themselves and in- 
terpreted by each, alone, for himself. 

The Rule of Necessity means that a 
President himself may decide and com- 
mand whatever he individually deems 
necessary to solve a national crisis, 


especially when Congress is not help- 
ful; whatever may be the words or 
silences of the written Constitution. 
The courts will almost certainly sup- 
port the action, if his action is legally 
challenged. Congress will almost cer- 
tainly accept the decisions and actions. 
Thus, Jefferson purchased Louisiana; 
Polk contrived the rape of Texas; 
Lincoln suspended habeas corpus and 
emancipated the slaves by proclama- 
tion; Cleveland broke the Pullman 
strike in Chicago; Theodore Roosevelt 
intervened in the anthracite strike, 
manipulated the legalities for the Pana- 
ma Canal, sent the U.S. fleet around 
the world, to overawe the world and 
especially Japan; Woodrow Wilson in- 
stituted many executive measures dur- 
ing World War I; F. D. Roosevelt in- 
vented Lend Lease and dozens of other 
devices for welfare and victory. 

The Rule of Restraint emerges from 
the constitutional arrangement that the 
powers of the Congress, the Judiciary, 
and the Executive Branch are separate: 
to each his own. The President, even 
following the Rule of Necessity and 
that of Responsibility, must be prudent 
and respectful of the rights of the other 
branches: as Washington said, it is a 
government of accommodation as well 
as of law, and he ought not stretch his 
own power, or relax it, unless com- 
pelled “by imperious necessity.” This is 
respect for checks and balances, and 
of course, Congress has the power to 
enact legislation, provide funds, and 
raise taxes. But it imposes on the Presi- 
dent the most wearing task of meeting 
Congress in an unending “cold war” 
for the initiative in leadership and the 
triumph of his will. 

The third rule is that of Responsi- 
bility. It means the assumption by the 
Presidency, as a charge on his con- 
science and effort, of what Theodore 
Roosevelt called the “stewardship” of 
the nation, for its welfare and sur- 
vival. This is responsibility effectuated 
not merely by post facto activity sup- 
plementary to a laissez faire society, but 
by the leading and guiding introduction 
of a national vision,to the nation as a 
whole, supplied by the President. For 
he is the one elected official who is 
directly appointed by the nation acting 
as a single electorate. Congress is split 
many ways by its dispersed electoral 
districts. The President is the nation’s 
mentor; its educator; its unifier; the 
planner of its civilization so far as 
government can and does contribute 
to this. Congress looks homeward too 
often and too agonizedly to assume the 
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elan of leadership of the national so- 
ciety of Americans. 

Is there a remedy? This clear con- 
clusion emerges from the abundance 
of facts and analysis and documenta- 
tion: the responsibilities of the Presi- 
dency are far too big for one man 
alone. All the millions of official and 
the conciliar devices (the growth of 
which Tugwell sketches in) around the 
President do not assist him to perform 
the duties which he alone, the political 
leader, charged alone by the constitu- 
tion with responsibility, must perform 
or, to the nation’s direst peril, leave 
undone. Moreover, the method of elec- 
tion has become unsuited to the dis- 
covery of the qualities of political 
leadership. Is this truly the best we can 
do in a choice from among 23 million 
male Americans between the prime 
ages of 35 and 55? The lesson is not 
only clear that the unitary Presidency 
and the method of selection are unde- 
sirable, but Tugwell positively draws 
this conclusion. Furthermore, though 
his reconstructive proposals are not 
presented in this book, he firmly advo- 
cates a plural or collective executive. 
He observes that no other great demo- 
cratic nation has a single executive. 

The difficulties of political science 
as science. The reader of Tugwell’s 
book will realize that only in occasional 
and marginal situations can Tugwell, 
or any political scientist, present his 
findings in a quantified form. He can 
say that in Washington’s day there were 
only 2000 officials to be supervised by 
the Chief Executive and that today the 
President must supervise and animate 
1000 times as many. But such facts do 
not carry the conviction that change is 
needed, because they do not reveal 
(they actually obscure) the complexi- 
ties of the data of decisions, the tor- 
ture, perplexity, and agony of resolving 
to act. It is not possible to present in a 
quantified form the true weight and 
difficulty of the Presidential burden, the 
insufficiency of one man’s mind and 
conscience to grapple with his tasks and 
advisers. The gravest facts are impon- 
derable. They are to be understood only 
by scientific immersion over many la- 
borious and imaginative years. 

The unfortunate result is that tal- 
ented insight, such as one finds in this 
book, can be obliterated by any vulgar 
idolator of things as they are. It is pain- 
ful to change one’s habits, especially if 
the critic is personally contented with 
his situation. Thus, any crude journalist 
can cancel the effect of the most dili- 
gent political scientist simply by attack- 
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ing the scientist’s constructive propos- 
als, because his (the journalist’s) per- 
sonal aims and purposes do not require 
them. He need not even attempt to 
weigh the mass of evidence: he can 
blind the reading public to the new facts 
by his prejudiced sneers. In a New 
York Times Book Review notice on 25 
September 1960, this happened to Tug- 
well’s reconstructive suggestions and to 
my more explicit proposals (a Presi- 
dent with 11 executive Vice-Presidents 
elected as one team), made in my book, 
The Presidency: Crisis and Regenera- 
tion (University of Chicago Press, 
1960). Instead of revealing the findings 
of Tugwell and Finer, the reviewer 
merely cried out “Sacrilege!” It is a 
great pity that such treatises, full of in- 
terest, fascinating, and essential to the 
common weal, are obscured to the pub- 
lic mind by such devices. 

HERMAN FINER 
Department of Political Science, 
University of Chicago 


Aktuelle Probleme der Ernahrung. vol. 
1, J. C. Somogyi, Ed. Karger, Basel, 
Switzerland, 1960. vi + 224 pp. 
Illus. F. 34. 


Until recently Switzerland had no 
institute devoted exclusively to nutri- 
tional research. Therefore, the Green 
Meadow Foundation established such 
an institution, and it was inaugurated 
18 April 1959. On this occasion Swiss 
and foreign scientists presented papers 
directly or indirectly connected with 
present trends in nutritional research; 
these papers have been published under 
the editorship of the director of the 
Institute for Nutrition Research in 
Rischlikon-Ziirich, J. C. Somogyi. 
Somogyi contributed an_ interesting 
paper entitled “On the antimetabolites 
of thiamin”; his paper also sheds new 
light on the topic ably discussed by 
A. von Muralt in the paper “On the 
role of thiamine in the metabolism of 
the peripheral nerve system.” 

In a short book review it is impossi- 
ble to deal with the great variety of 
subjects contained in this first volume 
of the institute’s publication series. A 
few remarks must suffice to indicate the 
scope of this volume. The paper by J. 
Yudkin, “Man’s choice of food” is not 
satisfactory, in my opinion. While one 
may agree with Yudkin that the exist- 
ence of a specific “food instinct” has 
not been proved in higher animals or 
in human beings and that, in general, 





correct food habits cannot be explained 
satisfactorily by assuming they resulted 
from the experience of numerous gen- 
erations, his alternative hypothesis of 
satiety cannot be accepted since neither 
animals nor human beings know when 
to stop eating. Clive M. McCay uses 
a more adequate and individualistic ap- 
proach in his very instructive paper, 
“Nutrition of older people.” Only re- 
cently has this subject been given de- 
served attention. McCoy shows how 
the food habits of the elderly properly 
reflect changes in nutritional require- 
ments, and he raises the pertinent but 
not yet fully understood question of 
how the body adapts itself within cer- 
tain limits to changes in food supply. 
The excellent paper, “Foreign  sub- 
stances in foodstuffs,” by F. Eicholtz is 
of great interest, and so is the paper 
by J. Kuprianoff, “Radiation preserva- 
tion of food.” Kuprianoff confirms the 
findings made by research workers in 
the United States that radiation doses 
adequate to prevent spoilage do not 
produce induced radioactivity or any 
other form of toxicity, but that organo- 
leptic changes which make some irra- 
diated foodstuffs less acceptable are 
produced. Since whole cells play an 
important part in the transport and 
metabolism of nutrients, the paper by 
G. v. Hevesy, “Radioactive labeling 
of cells,” will be read with great inter- 
est. It shows that, by marking specific 
molecules, such as hemin or DNA, with 
radioisotopes, one can label entire cells, 
such as red or white blood corpuscles, 
and in this way follow their life cycle 
in the living organism more exactly 
than by any other method. 

FRANCIS JOSEPH WEISS 
1541 North Edgewood Street, 
Arlington, Virginia 


An Introduction to Linear Program- 
ming and the Theory of Games. S. 
Vajda. Methuen, London; Wiley, 
New York, 1960. 76 pp. 


Part 1 of Vajda’s monograph pro- 
vides a lucid introduction to the main 
ideas of linear programming, a mathe- 
matical discipline concerned with the 
maximization or minimization of a lin- 
ear function of non-negative variables 
subject to linear constraints (equations 
or inequalities). The formulation of a 
simple production-scheduling problem 
serves as an introduction. Then a 
method of solution is developed for a 
special category of linear programming 
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situations, called transportation prob- 
lems, in which one seeks the cost- 
minimizing pattern for transporting 
some commodity from several origins 
(each with a limited supply) to several 
destinations (each with a fixed require- 
ment); in general, the cost of shipment 
per unit differs for different origin-desti- 
nation combinations. 

Turning next to the general linear 
programming problem, the author gives 
an exceptionally clear account of the 
basic computational procedure (G. B. 
Dantzig’s simplex method), built around 
a detailed discussion of an illustrative 
two-variable problem. Here I regret that 
the algebraic analysis was not more ex- 
plicitly supplemented by the correspond- 
ing geometrical picture: the procedure 
involves hopping from vertex to adja- 
cent vertex of the multidimensional, 
convex polyhedron described by the 
constraints, always in the direction in 
which the function to be maximized 
(minimized) is increasing (decreasing). 
The final topic discussed is duality; in 
solving a problem by the simplex 
method, one also automatically solves 
(by another method) a “dual problem,” 
the data array of which is obtained from 
that of the original problem by in- 
terchanging rows and columns. The 
relationship between original and dual 
problem is described in some detail, but 
the formal proof of the resulting duality 
theorem is relegated to an appendix 
which, unfortunately, is marred by 
typographical errors. 

Part 2 deals with the so-called theory 
of games, that is, with the selection of 
optimal behavior versus intelligent op- 
ponents. Most attention is paid to the 
classical case in which two players, each 
with finitely many strategies, have dia- 
metrically opposed interests; a solution 
of a game is defined, and it is shown 
how, in general, solutions do not exist 
unless probabilistic mixtures of strate- 
gies are admitted. The author then de- 
scribes the reduction of such a game to 
a linear programming problem and its 
dual; the existence of a solution (using 
probabilistic strategy mixtures) is de- 
duced from the duality theorem of part 
1 (an independent proof is given in an 
appendix), and the simplex method can 
be used to compute the solution. One 
subsequent section deals with games 
having infinitely many strategies, an- 
other with games in which the players 
are not directly opposed. 

The author has been remarkably suc- 
cessful in giving a lively and accurate 
treatment of so much material, includ- 
ing several topics not mentioned above, 
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in so few pages. No advanced mathe- 
matics is employed, and the book is 
recommended to all members of the 
scientific community willing to exert 


the requisite concentration. The reader 


should bear in mind, however, that the 
simple examples chosen for expository 
purposes give no idea of the multiplicity 
of real-life situations in which the sub- 
ject matter has proved of value, or of 
the degree of complexity of these appli- 
cations to realistic problems. 

A. J. GOLDMAN 
National Bureau of Standards, 
Washington, D.C. 


A Bibliographical Checklist and Index 
to the Published Writings of Albert 
Einstein. Compiled by Nell Boni, 
Monique Russ, and Dan H. Lau- 
rence. Pageant Books, Paterson, 
N.J., 1960. 84 pp. $6. 


This check list is divided into three 
parts: scientific writings, general writ- 
ings, and selected interviews. Within 
each of the parts the material is ar- 
ranged chronologically, the order being 
determined by the year and month of 
the first publication regardless of the 
language in which the specific work 
was first published. Revised or trans- 
lated texts are attached by subnumbers 
to the original publication, regardless 
of when later publication occurred. 

In preparing the bibliography the 
compilers consulted the following 
works: Albert Einstein: Philosopher- 
Scientist (1949; ed. 2, 1951) edited by 
Paul A. Schilpp and the Einstein bibli- 
ography (1937) by E. Weil. This ma- 
terial has been augmented and revised; 
607 items are listed. 


Convention Decisions and Voting Rec- 
ords. Richard C. Bain, Brookings 
Institution, Washington, D.C., 1960. 
xi + 327 pp. Appendixes. 


This is a companion volume to The 
Politics of National Party Conventions 
(Brookings Institution, 1960). It seeks 
to supplement that study of the presi- 
dential nominating process by providing 
an account of the convention proceed- 
ings of the two major parties since 
1832 and a record of important con- 
vention votes. Each convention is in- 
troduced with a brief description of 
the political situation existing at that 
time in the United States. 


Medical Helminthology. John M. Wat- 
son. Bailliére, Tindall and Cox, 
London; Williams and Wilkins, Balti- 
more, Md., 1960. viii + 487 pp. 
Illus. $15.50. 


As we become increasingly aware of, 
and concerned with, world-wide prob- 
lems of human health we will inev- 
itably pay increasing attention to the 
worms as causes of human debilitation, 
suffering, and death. A large proportion 
of the world’s population is infected 
with one or more parasitic worms, and 
many millions of people suffer as a 
result. The penalty for the losses suf- 
fered falls upon all of us. 

It is Watson’s intention to present, 
relatively briefly, essential and up-to- 
date information about the worm para- 
sites of man, to point out their im- 
portance to man’s health, and to call 
attention to gaps in our knowledge 
about them. There has been a need for 
such a book, and this book meets the 
challenge. 

About one half of the text deals 
very effectively with such basic things 
as the nature of parasitism; life cycle 
patterns; parasite physiology, ecology, 
and transmission; resistance and im- 
munity to infections; diagnosis, pre- 
vention, and treatment of parasite in- 
fections; pathogenesis of infection; and 
so forth. In these sections the author 
succeeds in achieving brevity without 
falling into a recital of dry generalities. 
Important and pertinent examples are 
usually cited to illustrate his points. 

The remainder of the book treats 
the worms according to taxonomic 
groups. The morphology and organ 
systems of each group are described, 
the larger taxonomic groups are char- 
acterized, and then individual species 
are dealt with. Usually only a few 
pages could be devoted to a single 
parasite—for example, 8 pages are de- 
voted to Ascaris—but this is sufficient 
to present a surprisingly large amount 
of carefully selected information. All 
the illustrations are comparatively 
simple line drawings, stressing salient 
points of anatomy and _ important 
stages in the life history. Recognition 
characters and comparisons of related 
species are emphasized. Some readers 
may find these drawings crude and 
somewhat inadequate. 

This book is written in an admirably 
clear and unpretentious style which is 
in refreshing contrast to some of the 
other texts on the subject. There are 
very few references to literature, but 
a text of this sort needs none. The 
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appendix 
references, 
graphs. 

This book will probably be most 
useful to students of medical helmin- 
thology and should serve admirably 
as a text for this subject. It will also 
serve as a guide for physicians who 
occasionally encounter patients with 
worm infections. 


includes a list of general 
mostly texts and mono- 


Louis J. OLIVIER 
National Institutes of Health, 
Bethesda, Maryland 


Aquatic Phycomycetes. Frederick K. 
Sparrow, Jr. University of Michigan 
Press, Ann Arbor, ed. 2, 1960. xxv 
+ 1187 pp. Illus. $22.50. 


With the possible exception of a few 
specialists in the limited field involved, 
mycologists and others interested will 
be surprised to find that the subject 
of aquatic Phycomycetes requires a 
volume of over 1100 pages for ade- 
quate presentation. Equally interesting 
is the fact that the present edition rep- 
resents a 50 percent increase in size 
over the first edition (1943) which at 
that time was considered to be “a no- 
table achievement.” 

Aquatic fungi belong largely to the 
class Phycomycetes, the most primitive 
of the Eumycetes, or true fungi, al- 
though each of the other fungus classes 
does contain some species which are 
aquatic or which live on aquatic sub- 
strata. 

This standard work brings together 
information available through 1 Janu- 
ary 1955 on all phycomycetous fungi 
occurring in fresh or marine waters. 
It does not include most of the Pero- 
nosporales (downy mildews) or the 
Entomophthorales, which develop on 
strictly terrestrial hosts or substrates. 
These latter fungi have been adequately 
treated in other monographs, The au- 
thor has added to this edition those 
species of Pythium and Phytophthora 
known to occur as water molds, the 
genera of the Saprolegniaceae, and 
citations of new species in the family 
published since Coker and Mathew’s 
monograph (1937). Also included are 
all new taxa in the other pertinent 
groups which have been described since 
the publication of the first edition. 
Literature references appearing subse- 
quent to the date limit (1955) have 
been included in the bibliography. Sim- 
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ilarly, new taxa and the results of re- 
cent investigations have been noted in 
footnotes or added at appropriate points 
under the heading “Recently described 
taxa.” The total number of taxa in- 
volved is impressive—8 orders, 24 fam- 
ilies, 152 genera, and 781 species—in 
contrast to the number that are given in 
the first edition—7, 21, 112, and 475, 
respectively. 

The original plan of presentation has 
not been materially changed in the 
present work. A comprehensive intro- 
duction considers general phases of the 
subject including phylogeny and the 
relationships of the several groups, geo- 
graphic distribution, hydrobiological 
aspects, methods of isolating and cul- 
turing the fungi as well as their pres- 
ervation in permanent collections, and 
finally a key to the orders. In the con- 
sideration of the orders, attention is 
given to morphology, methods of de- 
velopment, reproduction, cytology, and 
parasitism. A detailed systematic ac- 
count of each family, genus, and species 
is given with keys for each family and 
genus. There are technical descriptions 
of each taxon with notes on substrates, 
collectors, distribution, literature ref- 
erences, and critical comments on taxo- 
nomic points. 

Hidden away in the text are two new 
genera and a considerable number of 
new species and new combinations, all 
properly set up to conform to the In- 
ternational Code of Botanical Nomen- 
clature. Listing these changes on a sin- 
gle page would have been very helpful 
to those concerned with the nomen- 
clatorial aspects of the subject. 

A carefully prepared list of substrata 
is provided following a systematic ar- 
rangement of the plant and animal hosts 
or organic substances involved. A 
bibliography of over 1200 entries, prac- 
tically all of which the author has 
reviewed, points up the large number 
of workers in many countries who have 
contributed to the general subject. A 
general index to technical names con- 
cludes the book. 

In this compendium the author has 
presented a complete and well-rounded 
account of the subject of aquatic fungi. 
It is an authoritative and scholarly 
work, and one which all who are in 
any way concerned with these fungi 
will need to have at hand at all times 
for ready reference. 

JoHN A. STEVENSON 
4113 Emery Place, NW, 
Washington, D.C. 





Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


Australia, Parliament of the Common- 
wealth. Eleventh Annual Report of the 
Commonwealth Scientific and Industrial 
Research Organization. 1958-59. Govern- 
ment of Australia, Canberra, 1960. 181pp. 
10s. 6d. 

Foundation for Instrumentation Educa- 
tion and Research. “Proceedings of the 
pilot clinic on the instrumentation re- 
quirements for human comfort and sur- 
vival in space flight.” L. E. Slater, Ed. 
The Foundation, New York, 1960. 165 pp. 
$5. 

Fundacion Lucas Sierra y Sociedad 
Medica de Valparaiso. Journadas Clinicas 
de Verano, 1959. Fundacion Lucas Sierra, 
Vina Del Mar, Chile, 1960. 379 pp. 

Haffkine Institute. Proceedings of the 
Symposia Held during the Diamond Jubi- 
lee of the Haffkine Institute. The Institute, 
Bombay 12, India, 1960. 154 pp. 

Johnston, Marjorie C., and Esther M. 
Eaton. Source Materials for Secondary 
School Teachers of Foreign Language. 
U.S. Office of Education, Washington, 
D.C., 1960. 26 pp. 

Michigan State University Museum. 
Publications, Biological Series, vol. 1, No. 
9, “Mammals of the Guadiana lava field, 
Durango, Mexico.” Rollin H. Baker. 
Michigan State Univ., East Lansing, 1960. 
24 pp. 

Organisation Mondiale de la Santé. 
Bibliography on Bilharziasis, 1949-1958. 
World Health Organization, Geneva, 1960 
(order from Columbia Univ. Press, New 
York). 158 pp. $2. 

Research in Space Science, Special Re- 
ports No. 40. (22 pp. and No. 41 (35 pp.). 
Smithsonian Astrophysical Observatory, 
Cambridge 38, Mass. 1960. 

Scripps Institution of Oceanography. 
Bulletin, vol. 7, No. 6. “Production and 
distribution of larvae of the spiny lobster, 
Panulirus interruptus (Randall), with rec- 
ords of P. gracilis Streets.” Martin W. 
Johnson. Univ. of California Press, Berke- 
ley, 1960. $1. 

Smithsonian Institution. Miscellanesus 
Collections, vol. 140, No. 2. “Pleistocene 
birds in America.” Alexander Wetmore. 
Smithsonian Institution, Washington 25, 
1960. 13 pp. 

United Kingdom Atomic Energy Au- 
thority. Committee on Training in Health 
and Safety. Training in Radiological 
Health and Safety. British Information 
Services, New York, 1960. 95 pp. $1.04. 

U.S. Coast and Geodetic Survey. Geo- 
detic Operations in the United States and 
in Other Areas through International Co- 
operation. 1 January, 1957-31 December 
1959. Supt. of Documents, GPO, Wash- 
ington 25, 1960. 38 pp. 

Victoria University. Zoology Publica- 
tions, No. 26. “Synoptic keys to the 
genera of Ophiuroidea.” H. Barraclough 
Fell. Victoria Univ., Wellington, New 
Zealand. 1960. 44 pp. Systematic keys, 
synonymy, and a selected bibliography 
are presented for the extant genera of 
Ophiuroidea. 
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Glass Insulated 
Platinum Microelectrode 


Abstract. Microelectrodes for electro- 
physiological use have been prepared easi- 
ly and quickly by electrolytically sharpen- 
ing platinum iridium alloy wire and coating 
with molten glass. The desirable combina- 
tion of the electrical characteristics and 
strength of the platinum iridium wire with 
the exceptional durability of glass insula- 
tion has long been known, but earlier 
methods of fabrication were difficult and 
tedious. 


Electrophysiological changes in single 
neurons are often most easily detected 
with an insulated core metal micro- 
electrode. This type of electrode usually 
has a much lower noise level and a 
better high frequency response than the 
fluid-filled micropipette. Many designs 
have been proposed for making metal 
microelectrodes, but in spite of the in- 
vestigations of the mechanical, electri- 
cal, and geometrical properties (/), the 
designs are usually determined empiri- 
cally. The considerations that enter into 
the design can be more easily under- 
stood through a short discussion of the 
advantages and defects of the currently 
popular electrodes. 

A_ stainless-steel electrode can be 
made cheaply and readily in large 
quantity. It appears to record satisfac- 
torily in certain situations (2). It is a 
strong electrode, but the varnish insula- 
tion is troublesome, principally because 
it lacks durability. In addition, the elec- 
trode is apt to be excessively unstable 
electrically. The tungsten electrode re- 
cently described by Hubel (3) can now 
be made easily and features great 


Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type-manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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strength, but it also suffers from electri- 
cal instability and the inadequacies of 
the existing varnishes. The indium-filled 
glass electrode of Dowben and Rose (4), 
as modified by Gesteland et al. (5), is 
somewhat difficult to prepare but has 
excellent electrical characteristics and 
appears to record well in a variety of 
situations, but its tip is easily damaged 
and it cannot be reworked or reused. 

Platinum has always been a favorite 
electrode metal of electrophysiologists 
and has been used successfully in a wide 
variety of situations. Wilska (6) has de- 
scribed a sharpened platinum iridium 
alloy wire microelectrode insulated with 
glass which seems to combine all the 
ideal features of a good microelectrode 
and to exclude a number of undesirable 
ones. It records well from _ electro- 
physiological units, is quite selective, 
possesses high mechanical strength, and 
the insulation is outstanding. Wilska’s 
method of manufacture is to grind the 
wire to a point and then shrink a heated 
glass capillary over it. This requires a 
high degree of skill and elaborate equip- 
ment both in pointing of the wire and 
in coating it with glass. We have worked 
out a method for fabricating this type of 
electrode which requires little skill or 
equipment and is much less time con- 
suming. 

The technique is as follows: A length 
of 8 to 10 mil, 70 percent platinum, 30 
percent iridium alloy wire (7) is 
straightened by passing it, while under 
tension, through a small flame. One end 
of a short length of wire is immersed in 
a solution of 50 percent sodium cyanide, 
with 30 percent sodium hydroxide 
added to prevent the formation of 
hydrogen cyanide. An electrolyzing cur- 
rent is applied from an a-c source be- 
tween the wire and a carbon rod in- 
serted into the bath. The initial shaping 
is accomplished at 6 to 10 volts a-c 
(root-mean-square) accompanied by 
vigorous agitation of the bath. A mag- 
netic stirrer is very convenient for this 
purpose. Final polishing with a much 
smaller voltage (0.8 voit a-c) yields 
smooth, gradually tapering electrodes 
having tips less than 1 ,» in diameter. 
Agitation is not necessary during this 
step. The taper is controlled by the 


length of the wire inserted into the bath. 
Repeated withdrawal of the tip from the 
bath is not necessary in these processes. 
After pointing, the electrode should be 
washed in distilled water, air dried, and 
stored until a day or so before using, at 
which time it should be glass coated. 
This procedure is accomplished by 
pushing the tip through a small drop of 
molten glass adhering to a V-shaped 
electrically heated loop of 15 mil plati- 
num wire. Corning No. 7570 solder 
glass is used for coating because of its 
extremely low working point, 560°C. 
Corning No. 0041 potash soda lead 
glass, which has a much higher working 
point (990°C), has also been used suc- 
cessfully. Although this glass is some- 
what stronger, it is more difficult to 
obtain uniform coatings with it. The 
thermal expansion coefficient of the wire 
is about 8.5 « 10° cm/cm °C, and any 
glass with a similar coefficient would 
probably be suitable without cracking. 
The wire is pushed through the molten 
drop until an adequate length of it is 
coated. The tip may be pulled back 
through the drop or the shank may be 
pulled up through the top of the loop. 
The temperature of the loop must be 
increased as the thicker shank of the 
wire is inserted inside the glass drop, 
as the increased heat loss decreases the 
fluidity of the glass. The glass wets the 
platinum iridium wire and covers the 
entire electrode surface, including the 
tip, with a thin insulating coat. How- 
ever, to record properly, the extreme 
tip must be bare of glass, and a pro- 
cedure must be employed to remove the 
right amount of insulation and provide 
the best interface between the electrude 
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Fig. 1. Single unit action potentials record- 
ed with the same platinum iridium elec- 
trode from ganglion cells in the retina of 
a goldfish (A), and the retina of a frog (B). 
In (A), upward step in lower trace in- 
dicates the duration of illumination used 
for stimulus. In (B), downward step in- 
dicates duration of interruption in illum- 
ination used for stimulus. 
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and the tissue. Since the glass coating is 
thinnest at the tip, where an applied 
voltage has its strongest gradient, pref- 
erential breakdown of the insulation at 
this location is easily done electrically. 
The best electrical stability and lowest 
impedance may be obtained by coating 
the exposed area with platinum black. 
Fortunately, the two procedures may be 
combined into one by utilizing the 
platinizing voltage as the insulation 
rupturing voltage. The platinizing bath 
is a 1 percent solution of platinous chlo- 
ride (stronger solutions appear to be det- 
rimental to the coating). Current from 
a 15-volt d-c source in series with a 
1-megohm resistor is passed for 15 to 
30 seconds between the electrode and a 
platinum wire in the solution, the elec- 
trode being negative. A stream of tiny 
bubbles from the tip indicates a good 
electrode. Bubbles elsewhere indicate 
that the insulation is leaky and that the 
electrode needs to be recoated with 
glass. After electrodes have been used 
in biological material, they should be 
cleaned by bathing them overnight in 
distilled water. 

Electrodes of this type have recorded 
successfully from the ganglion cells of 
the vertebrate retina, the optic nerve of 
the squid, mechanoreceptors on the 
antennae of mosquitoes, and many 
others. Some of the neurons recorded 
from were sensory nerve fibers and 
ganglion cells less than 10 » in diameter 
for which most other types of electrodes 
are too noisy. Neurons giving impulses 
of 40 pv or more could easily be isolated 
from the surrounding neural activity. 
Figure 1 shows records made by using 
the same electrode first in the retina of 
a goldfish and then in the retina of a 
frog. With our recording system the 
electrode usually has a noise level of 
20 pv and will discriminate impulses 
larger than 40 pv. 

The electrode is durable enough to 
record well after penetrating the carti- 
laginous “skull” of a squid (8), and it 
should also be able to record success- 
fully after penetrating other tough struc- 
tures such as the dura of the mammalian 
brain (9). 

M. L. WoLBARSHT 
E. F. MACNICHOL, Jr. 
H. G. WAGNER 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda, Maryland, and Department 
of Biophysics, Johns Hopkins 
University, Baltimore, Maryland 
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Isolation of Uridine 
Diphosphate—Glycosyl 
Compounds from the Slug 


Abstract. An examination of the acid- 
soluble nucleotides of Limax maximus 
Linné revealed, among others, several 
uridine diphosphate—glycosyl compounds. 
Nucleotides isolated and identified were 
the uridine diphosphates of glucose, acetyl- 
glucosamine, and acetylgalactosamine. 


Numerous reports have indicated the 
occurrence in various snails and other 
mollusks of sulfated polymers (mucins) 
which contain one or more of the sugars 
glucose, galactose, glucosamine, and 
galactosamine (J). Since current re- 
search trends support the hypothesis 
that polymer syntheses are intermedi- 
ated by nucleotide-activated precursors 
(2), it seemed worth while to investi- 
gate the nucleotide content of the slug, 
Limax maximus Linné (3). 

Nucleotides were extracted from 24 
slugs (156 g) by homogenization with 
150 ml of ice-cold 10-percent trichloro- 
acetic acid in a Waring blender. An 
equal volume of ethanol was added, 
the precipitate was centrifuged off and 
discarded, and the supernatant solution 
was treated essentially by procedures 
previously described (4). Nucleotides 
in the extract were freed of salts by 
charcoal treatment (5) and then ad- 
sorbed onto a Dowex-1-formate col- 
umn. The column was washed with 
3M formic acid and the uridine diphos- 
phate-glycosyl compounds were then 
eluted with 4M ammonium formate 
(pH 2.8). 

Salts were again removed by char- 
coal treatment and the nucleotides were 
chromatographed on Dowex-1-formate 
with a linear gradient (6) which 
changed from 3M formic acid to 4M 
ammonium formate, pH 3. A single 
peak of the five obtained from the 
column contained over 80 percent (42 





pmole as uridine) of the 260-my ab- 
sorbing material. Only the material 
from the single large peak was further 
investigated. After processing by the 
charcoal procedure (about 25 percent 
recovery), the material gave 250 mp 
to 260 mp and 280 mp to 260 mz 
ratios of 0.76 and 0.42, respectively, 
thus suggesting the presence of uridine 
compounds. This material was then 
separated into three major ultraviolet 
absorbing bands by paper chromatog- 
raphy on Whatman No. 1 paper, with 
ethanol-M ammonium acetate (7.5:3, 
vol/vol) as solvent, first at pH 7.5 and 
then at pH 3.7 (7). 

The slowest moving band contained 
at least 30 percent uridine diphosphate- 
glucose, as determined by comparing 
260 mp measurements with assay by 
uridine diphosphate-glucose dehydro- 
genase (8) and acid hydrolyzable glu- 
cose content as determined with glucose 
oxidase (9). The remainder of the 
material in the first band has not been 
identified. ; 

The second band exhibited R, values 
on paper chromatograms similar to 
known uridine diphosphate—acetylgluco- 
samine and was found to contain acid- 
hydrolyzable acetylhexosamine (0.1N 
HCI/10 min at 100°C) (J0). To 
determine whether or not more than 
one amino sugar was present, the mate- 
rial was hydrolyzed for 2 hours in 2N 
HCl and then was chromatographed 
on a 1- X 50-cm Dowex 50-H column 
by the procedure of Gardell (J//). 
Two hexosamine-positive peaks (/2) 
emerged from the column with R, val- 
ues suggestive of glucosamine and 
galactosamine, and were further iden- 
tified as such by (i) comparison of Rp 
values with knowns on paper chroma- 
tograms with use of n-butanol-pyridine 
water (6:4:3 vol/vol) as solvent and 
silver nitrate to visualize sugar spots 
(13), and (ii) by degradation with 
ninhydrin by the procedure of Stoffyn 
and Jeanloz (14) to yield arabinose 
and lyxose, respectively. 

The third, fastest-moving ultraviolet 
absorbing band contained a reducing 
compound (J5) which has not been 
identified. 

RoBERT W. WHEAT 
Department of Biochemistry, Duke 
University School of Medicine, 
Durham, North Carolina 
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A Difference between 
Biological Effects of 
Gamma Rays and Heavy Ions 
Abstract. When irradiated with gamma 
rays, Artemia eggs show the typical sig- 
moidal survival curve of a multicellular 
organism, with little change at low doses 
and an abrupt decrease in survival above 
a threshold dose. On irradiation with 
160-Mev oxygen ions, the threshold dis- 
appears and viability can be destroyed by 
passage of a single energetic ion. 


Gamma-ray survival curves for many 
multicellular organisms are sigmoidal 
and show an initial insensitivity to low 
doses. Only above a threshold does the 
viability drop appreciably, and then 
it usually falls off quite rapidly. The 
ability of eggs of the common brine 
shrimp, Artemia salina, to hatch after 
gamma-ray exposure decreases in this 
way with increasing dose, as shown in 
Fig. 1. These eggs are moderately com- 
plex. The fertilized odcyte divides to 
the blastula stage before becoming en- 
cysted and laid. In this stage the egg 
is about 200 » in diameter, and it must 
dry before further development can 
take place. In all the experiments re- 
ported here the eggs were irradiated in 
high vacuum. There was no adverse 
effect from vacuum treatment alone. 
On immersion in sea water the egg de- 
velops rapidly, and at about 48 hours 
the shell cracks open and an embryo 
encased in a membrane is released. 
This process, called “emergence,” is 
inhibited by radiation, as shown in Fig. 
2. After another 6 to 8 hours a free- 
swimming larva comes out of the mem- 
brane; this step is called “hatching.” 

The long plateau which indicates the 
accumulation of gamma-ray damage is 
markedly reduced if the eggs are irra- 
diated with 40-Mev helium ions and 
disappears entirely when 160-Mev oxy- 
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gen ions are used. The particles were 
from the Yale heavy-ion linear accel- 
erator, and dosimetry was carried out 
by methods previously described (7). 
The exponential decrease in survival 
indicates that the passage of a single 
energetic oxygen ion is responsible for 
the loss of activity of an egg. The re- 
sult is qualitatively similar to that of 
Stapleton, Hollaender, and Martin with 
Aspergillus spores (2) but is more 
spectacular. 

The three types of radiation differ 
from each other in the spacing between 
inactivating events, ranging from sever- 
al thousand angstroms for gamma rays, 
to the order of tens of angstroms for 
40-Mev helium ions (240 ev of energy 
loss per 100 angstroms of track), to 
angstroms for 160-Mev oxygen ions 
(3800 ev per 100 angstroms, or an 
average of 1.3 ion pairs, at 30 ev per 
ion pair, per angstrom of path). The 
effect is not caused by over-all dose 
rate, since (i) fast electrons given at a 
dose rate of 2 Mrad/min produced the 
same survival curve as gamma rays at 
0.275 Mrad/hr, and (ii) the threshold 
was lower with helium ions and disap- 
peared with oxygen ions, although the 
time required to deliver the total dose 
in the last two cases was about the 
same (tens of seconds). 

Four possible explanations for the 
loss of a threshold with heavy ions are 
as follows. 

1) The gamma-ray curve may be 
interpreted as showing that either a 
certain number (20 to 60) or a cer- 
tain fraction of functioning units in 
the egg must be damaged to prevent 
development. It might be assumed that 
a single fast oxygen ion might do the 
necessary damage. However, convert- 
ing the doses in Figs. 1 and 2 to par- 
ticles per unit area shows that 24 and 
9 oxygen ions per square micron are 
needed to suppress emergence and 
hatching, respectively, to 37 percent of 
that of controls. Each cell will have 
been traversed on the average by many 
ions before inactivation. Thus, the 
chance that any single ion will do all 
the necessary damage is small, and on 
this assumption the survival curves with 
oxygen ions would still show a cumula- 
tive effect, not the exponential form 
found. 

2) The simultaneous inactivation of 
several widely separated areas by a 
heavy ion might be biologically more 
effective than consecutive inactivation 
by gamma rays. This is a process which 
might be very important in a metabo- 
lizing system, especially at low dose 
rates, but it is doubtful that it was im- 
portant in dried eggs. 

3) If the inactivating events took 
place close enough together in the 
densely ionizing track of an oxygen ion 
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the resultant physicochemical events 
might be different, and conceivably 
more effective. There is some evidence 
for this process from experiments with 
heavy ions on dried enzymes (3), and 
it could be operative here. 

4) The most likely possibility is that 
if enough damage is done within some 
limited volume the egg will not de- 
velop. This damage can be cumulated 
through many “hits” from gamma rays 
or caused by a single oxygen ion. Pre- 
sumably the dimensions of this volume 
are less than 1 p. There may be sev- 
eral such volumes per egg. 

An extrapolation of this result leads 
one to consider the possibility that 
heavy ions in the primary cosmic rays 
which are met with above the earth’s 
atmosphere may produce radiological 
effects at low total dose levels which 
would not be expected from x-ray data 
because of threshold effects. This sug- 
gestion is contrary to the conclusion 
advanced by Zeman, Curtis, Gebhard, 
and Haymaker (4) from their work 
with microbeams of deuterons on 
mouse-brain tissue. Artemia is an un- 
usual material, as shown by its extreme 
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resistance to radiation, but the vanish- 
ing of the threshold shown by our data 
is a sufficiently significant phenomenon 
to warrant looking for it in other sys- 
tems which are affected by lower dos- 
ages (5). 

FRANKLIN HUTCHINSON 

STEPHEN S. EASTER, JR. 
Biophysics Department, Yale 
University, New Haven, Connecticut 
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Nerve-End Recording in 
Conducting Volume 


Abstract. When the end of a freshly cut 
nerve is drawn into a tube by means of a 
hydraulic device that serves as a holder 
and as an electrode, monophasic positive 
records of action potentials are recorded. 
A trailing positive phase develops, with 
time, after the cut. After-potentials can 
also be recorded by this method. 


Potentials comparable in size to those 
recorded conventionally in oil or air 
may be obtained from the end of a 
nerve which has been drawn into a 
small glass tube. In this method the en- 
tire nerve is at all times completely 
immersed in Ringer’s solution, and the 
potential drop occurs between a wire 
inserted inside the tube and an indiffer- 
ent lead in the surrounding medium. 
This method has been used, in principle, 
for stimulation but apparently not for 
recording from nerve (/). 

The device shown in Fig. 1 provides 
precise control of the position of the 
nerve end in its holder. The tubing, 
completely filled with Ringer’s solution, 
constitutes a hydraulic pressure system. 
The contained fluid can be forced in or 
out, and the nerve moving along with 
it may be fixed at any point by means 
of screw controls A and B. These coarse 
and fine controls apply pressure through 
inserts in the Plexiglas block holding the 
control bulb. 

Electrodes were constructed of silver 
wire (Birmingham and Stubs gauge 22) 
inserted through a length of about 15 
cm of polyethylene tubing (inside di- 
ameter, 0.034 in.; outside diameter, 
0.050 in.). At one end the wire ex- 
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tended about 1 cm beyond the tube. At 
the other, the wire was bent upon itself 
and sealed to the edge of the Plexi- 
glas stopper C, which was inserted into 
the control *ulb constructed from 10 
cm of amber latex tubing (inside diam- 
eter, 0.125 in.). A second wire attached 
outside the end of the tube served as the 
indifferent lead. 

Air bubbles were eliminated from the 
system by drawing Ringer’s solution 
through the rubber tube and then re- 
placing the terminal plug D. The poly- 
ethylene tube E was mounted on a 
manipulator constructed from rod-end 
bearings. Holding tubes F were con- 
structed of melting-point glass tubing 
(inside diameter, 0.8 to 1.0 mm; out- 
side diameter, 1.0 to 1.5 mm); the 
smooth cut ends were fire-polished to 
provide the desired size of aperture. The 
tubes were sorted by means of a series 
of brass wires of standard gauge (B&S 
18 to 36). A tube with opening of ap- 
propriate size could be quickly selected 
by comparing the nerve diameter with 
the standard wires. The glass tubes were 
readily slipped over the silver wire and 
into the polyethylene tubing as needed. 
The silver wire was chloridized for 
about 2 cm at the tip before the glass 
tube was attached. 

Records were obtained from exsected 
sciatic nerve or spinal root of Rana 
pipiens and R. catesbeiana. The prep- 
aration was grounded via the metal 
tubes used for circulating the water that 
maintained a temperature of 15°C in 
the bath. The end of the nerve was usu- 
ally about 1 cm from the end of the 
wire in the tube, but changes in this 
distance had no observable effect on 
the record. 

Several electrodes for stimulation 
and recording could be used simulta- 
neously. A switching arrangement al- 
lowed any combination to be selected. 
The use of multiple indifferent leads 
did not seem to complicate the records. 
Each indifferent lead was placed near 
the glass tube of its companion elec- 
trode. The nerve end, oriented close to 
the tube opening, was drawn into the 
tube by release of pressure, by the fin- 
gers directly or via one of the screw 
controls. 

Injury current was maximal imme- 
diately after the nerve had been cut 
with sharp scissors. The current de- 
clined with time, presumably due to 
narrowing of the cut end during out- 
flow of axoplasm and the spreading of 
myelin over the cut end (2). Action 
currents at the distal, “healed” end and 
at the freshly cut proximal end of the 
sciatic nerve of a frog are shown in 
Fig. 2. Action currents were mono- 
phasic positive immediately after the cut, 
whether the nerve was pulled into the 
tube for a few hundred microns or for 























Fig. 1. Hydraulic holding and recording 
device for nerve end. 


several millimeters (3). With time, after 
the nerve was cut, a trailing negative 
phase developed unless the end was 
left in the tube, in which case the mono- 
phasic positive record persisted (4). 
After-potentials lasted about 0.5 second 
and were initially positive-going, while 
a later negative phase developed dur- 
ing a train. These positive and negative 
phases appear to correspond, respective- 
ly, to the negative and positive after- 
potentials conventionally recorded with 
external electrodes. With passage of 
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Fig. 2. Action currents recorded by means 
of the hydraulic holding device. The sci- 
atic nerve of a bullfrog was prepared 8 
hours before the recording was made. 
Upper records are from the proximal end 
of the freshly cut nerve, which had been 
drawn into the tube for the distances indi- 
cated. Diagram (top) shows the net direc- 
tion of current flow outward near the nerve 
end. Lower records are from the distal 
(healed) end of the nerve, which had not 
been touched since the cut was made, 8 
hours previously. Diagram (bottom) shows 
the net current flow inward during the 
negative phase. (Top, right) Calibration: 2 
mv, 2 msec. 
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time after the cut, the after-potentials 
became smaller. At a healed end, after- 
potentials were absent or were nega- 
tive in sign. The negativity increased 
during a train and was followed by a 
positive phase. 

The sign of spike (positive with re- 
spect to the indifferent lead) and pos- 
sibly the sign of the after-potentials and 
the injury currents recorded at the fresh- 
ly cut end by this technique appear to 
be consistent with the sign of membrane 
resting and action potentials record- 
ed by intracellular electrodes. The use 
of the technique may therefore result 
in less confusion than prevails when 
conventionally, externally obtained neg- 
ative-upward records are compared with 
the intracellularly obtained observa- 
tions. Less length of nerve than is or- 
dinarily required is adequate with this 
method, and the inconvenience and 
deleterious effects of air and oil are 
eliminated (5, 6). 

DEXTER M. EASTON 
Division of Physiology, Department 
of Biological Sciences, Florida 
State University, Tallahassee 
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Three y-Globulins in Normal 
Human Serum Revealed by 
Monkey Precipitins 


Abstract. Precipitating antibodies spe- 
cific for three normal human -globulins 
of relatively slow electrophoretic mobility 
were prepared in monkeys and demon- 
strated by immunoelectrophoresis in con- 
junction with absorption techniques in 
which. two myeloma globulins were used 
as absorbents. 


Monkeys were selected for the prep- 
aration of antibodies to human serum 
proteins because antibodies prepared in 
a more closely related species might be 
more discriminating for minor anti- 
genic differences among the serum pro- 
teins than antibodies prepared in a 
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more distantly related species (/). 
Rhesus monkeys were immunized with 
normal human y-globulin prepared by 
cellulose ion-exchange chromatography 
(2). Doses of 5.0 to 50 mg of y-globu- 
lin were injected subcutaneously or in- 
tramuscularly. The first dose was emul- 
sified in complete Freund’s adjuvant; 
subsequent doses in incomplete adju- 
vant or in saline were given at monthly 
or biweekly intervals. Sera were ana- 
lyzed by immunoelectrophoresis in agar 
gel used in conjunction with absorption 
techniques as previously described (3). 

Figure 1 is a photograph of a stained 
immunoelectrophoretic agar plate show- 
ing the precipitin bands which appear 
when a monkey antiserum (E235) 
against normal y-globulin reacts with 
the electrophoretically separated globu- 
lins of normal human serum, myeloma 
serum Br, myeloma serum Ro, and a 
mixture of the two myeloma sera (4). 
Figure 2 is a photograph of a stained 
plate showing the precipitin bands which 
result when the same monkey antiserum 
(E235) is absorbed with each myeloma 
serum (Br and Ro). The electrophoretic 
patterns of Br (1:16 dilution in saline), 
normal human serum (undiluted), and 
Ro (1:16 dilution in saline) are shown 
superimposed on the results of double 
diffusion. The left trough had been 
filled with E235 absorbed with Br; the 
right trough, with E235 absorbed with 
Ro. 

After E235 is absorbed by either 
myeloma serum (Fig. 2), the anti- 
bodies remaining no longer react with 
the myeloma serum used for absorp- 
tion but do react with normal serum to 
yield a long and short precipitin band. 
The two long bands are asymmetrical 
with respect to the electrophoretically 
separated “slow” y-globulins, indicating 
that the unabsorbed antibody in the left 
trough reacted with a y-globulin (closer 
to the anode) of faster average mobility 
than the unabsorbed antibody in the 
right trough; these two y-globulins are 
designated y-A and y-B, respectively 
(5). The two shorter bands are sym- 
metrical and represent reactions of an 
unabsorbed antibody specific for a third 
y-globulin which is designated y-C. The 
precipitin reaction patterns in Fig. 2 
were also obtained with y-globulins 
which were considered free of macro- 
globulin (2). Thus, y-A, y-B, and y-C 
are presumably 7S y-globulins. 

The antibody to y-A prepared by ab- 
sorption of E235 with Br was found to 
react also with Ro; thus, y-A and Ro 
have an antigenic determinant (desig- 
nated as X) in common. Antibody to 
y-B prepared by absorption of E235 
with Ro was found to react also with 
Br; thus, y-B and Br have an antigenic 
determinant (designated as Z) in com- 
mon. In Fig. 1, the coalescence ob- 
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Fig. 1. The precipitin bands which appear 
when monkey antiserum E235 reacts with 
the electrophoretically separated globulins 
of normal human serum, myeloma serum 
Br, myeloma serum Ro, and a mixture of 
the two myeloma sera. 


served when the mixture of Br and Ro 
react with E235 suggests the presence 
of antibody to an antigenic determinant 
(designated as Y) common to Br and 
Ro. That Br and Ro have an antigenic 
determinant in common was also indi- 
cated by other monkey antisera which 
were completely absorbed by either Br 
or Ro. Finally, the antigenic determi- 
nant on y-C is designated as W. 

Still other monkey antisera, T710 
and E221, in their reactions with nor- 
mal y-globulins, yielded long, broad 
precipitin bands which showed splittting 
at the cathode or anode end, respec- 
tively, and coalescence at the anode or 
cathode end, respectively (6). Each 
fork of the split band could be shown 
to coalesce with a band formed with 
one of the myeloma globulins (6, 7). 
These results suggested that y-A and 
y-B correspond in two of their anti- 
genic determinants with the two mye- 
loma globulins Ro and Br. Thus, y-A 
and Ro have determinants X and Y, 
while y-B and Br have determinants 
Y and Z. 

Accordingly, the reaction of unab- 
sorbed E235 and normal serum, which 
results in the long, broad band (Fig. 1), 
represents the superimposed reactions 
of anti-X, anti-Y, and anti-Z with y-A 
(XY) and y-B (YZ), and, as would be 
expected, the antibodies appear to re- 
act with a y-globulin of intermediate 
mobility between y-A and y-B. When 
E235 is absorbed by Br (YZ), it should 
contain anti-W and anti-X (Fig. 2). 
Since anti-Y has been removed, the re- 
action of anti-X with y-A (XY) is 
slightly closer to the trough than when 
unabsorbed E235 is used (Fig. 1), and 
the separation of this band from the 
short band due to anti-W with y-C (W) 
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is more distinct. Similarly, when E235 
is absorbed by Ro (XY), the reaction 
of anti-Z with y-B (YZ) is distinctly 
separate from the short band. Finally, 
when E235 is absorbed by a mixture of 
Br (YZ) and Ro (XY), only the short 
band corresponding to y-C (W) ap- 
pears; no antibodies to y-A and y-B re- 
mained. That y-C has no antigenic de- 
terminants in common with y-A or y-B 
was also suggested by the fact that the 
precipitin band due to y-C would not 
coalesce with a band formed by either 
myeloma globulin (6, 7). It is of inter- 
est to point out that the faster myeloma 
globulin Br (Fig. 1) corresponds in its 
antigenic determinants to the slower 
normal y-globulin, y-B (Fig. 2). How- 
ever, this relationship is reversed with 
selected myeloma globulins which are of 
slower mobility than Ro and have the 
same two antigenic determinants as Br 
and y-B (8). 

None of three horse or three rabbit 
antisera when investigated in the same 
manner could distinguish between the 
antigenic properties of Br and Ro nor 
between y-A and y-B (9). One of the 
horse antisera (Blue Boy) had antibod- 
ies for a y-globulin which appeared to 





+ 





with Br me 


Br abs. 
with Ro 

Fig. 2. The precipitin bands which appear 
when monkey antiserum E235, absorbed 
with myeloma sera Br and Ro, reacts with 
the electrophoretically separated +-globu- 
lins of normal human sera. Because of 
endosmosis in agar gel, the electrophoretic 
patterns are displaced toward the cathode. 
At pH 8.6, all the proteins in serum are 
negatively charged and move toward the 


anode under the influence of an electric 
field. 
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correspond to y-C. The y-globulin 
found by Goodman with chicken anti- 
sera also appears to correspond to y-C 
(70). It will be of interest to compare 
y-A, y-B, and y-C to the y-globulins, 
G: and G:», found by Oudin with rabbit 
antibodies (//). 

The availability of precipitating anti- 
bodies specific for three normal human 
y-globulins should facilitate many stud- 
ies of considerable interest concerning 
these y-globulins, such as: quantitative 
estimation in serum and other body 
fluids (J/, 12); fractionation and puri- 
fication (2, 1/3); chemical structure, 
most particularly in the analysis of 
fragments resulting from enzyme diges- 
tion (/4); antibody properties, in in- 
fectious diseases and diseases of sup- 
posed immunologic etiology (J/5); 
cytological localization by fluorescent 
antibody (/6); and possible genetic 
differences (77). Of immediate clinical 
interest, the quantitative estimation of 
these y-globulins in serum should be 
useful for early diagnosis and study of 
diseases which involve qualitative and 
quantitative changes in the y-globulins, 
such as in multiple myeloma (8). 

The finding of three “slow” y-globu- 
lins with monkey antibodies, instead of 
the one usually found with horse or 
rabbit antibodies, focuses renewed at- 
tention on the classical principle of “im- 
munologic perspective” for immuno- 
chemical investigations (/). As stated 
by Boyd, “it would be desirable, when- 
ever possible, to use as the antibody- 
producing animal a species not too dis- 
tantly related to the group whose re- 
lationships we wish to study, instead of 
using rabbits for all such experiments” 
C2). 

SHELDON Dray 
Laboratory of Immunology, 
National Institutes of Health, 
Bethesda, Maryland 
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Three-Dimensional X-ray 
Reflections from Anthracite 
and Meta-Anthracite 


Abstract. Careful analysis of x-ray scat- 
tering intensities of demineralized meta- 
anthracites and  high-rank anthracites 
formed during the Pennsylvanian geo- 
logical period has revealed the presence 
of three-dimensional (hkl) reflections of 
graphite, demonstrating unequivocally 
that coals graphitize with metamorphism. 
Graphitization has been observed also 
with a coal formed before the Cambrian 
period, much earlier than most coals. A 
significant degree of graphitization occurs 
by coalification when the graphite-like 
layers attain a°size of 25 to 30 angstroms 
as compared to 100 A or more by the 
heat treatment of amorphous carbons. 


X-ray diagrams of most amorphous 
carbons and coals contain three or 
more diffuse bands in the angular po- 
sitions of the (001) and the two-dimen- 
sional (hk) reflections of . graphite. 
With the development of the theory 
of diffraction in random layer lattices 
by Warren (/) it became possible to 
analyze the x-ray patterns of amor- 
phous carbons and coals in terms of 
randomly stacked graphite-like layers 
(aromatic molecules) (2). Such anal- 
yses readily yield the size of the layers 
and the height of the stacks. 

When carbons are heated at high 
temperatures, the dimensions of the 
parallel layer groups increase; the 
layer size increases more rapidly and 
attains a larger ultimate value than the 
height of the stack (3). With more 
extensive heat treatment, some layers 
assume positions that are oriented with 
neighboring layers. This three-dimen- 
sional orientation, manifested by modu- 
lations of the (hk) reflections, is identi- 
cal with that of graphite and hence is 
termed graphitization (4). Franklin 


SCIENCE, VOL. 132 








INTENSITY, arbitrary uewts 








udes 


rum 
anti- 

was 
anti- 
rom 


60). 


2159 
hon, 
1167 


rem, 


-Th. 
ed. 
Clin, 


<ptl, 


738 
125 
Acta 


cat- 
eta- 
ites 
20- 
nce 

of 
ally 


ilso 
‘ian 


urs 


like - 


ms 
the 








and Warren observed the onset of 
graphitization whenever the layer size 
approached a value of about 80 to 
100 A. 

High-rank anthracites and meta- 
anthracites constitute the highest ranks 
in the classification series of coals (5). 
If coals ultimately become graphite 
(this view is often expressed) the 
highest rank coals should exhibit three- 
dimensional reflections of graphite. In 
Fig. 1 are shown the diffraction pat- 
terns of Ceylon graphite and a meta- 
anthracite from Newport County, 
Rhode Island. This coal was formed 
during the Pennsylvanian geological 
period. A demineralized sample con- 
taining 0.5 percent ash had the follow- 
ing composition by weight percent on 
a moisture- and ash-free basis: 97.9 C, 
0.21 H, 1.7 O, and 0.2 N. The x-ray 
data were obtained on an XRD-S5 dif- 
fractometer, with CuKa radiation. The 
recorded intensities were corrected for 
polarization. 

As seen in Fig. 1, the meta-anthra- 
cite gave rise to all the observed three- 
dimensional reflections of graphite, that 
is, (101), (102), (103), (112), (201), 
(114); (203), (116). The (120) and 
(121) bands remained unresolved. The 
average layer diameter calculated from 
the line broadening of the (110) re- 
flections was about 3000 A, and the 
average height of the stack calculated 
from the line broadening of the (002) 
reflections was. 250 A. X-ray reflections 
of this and other meta-anthracites 
studied (6) unequivocally demonstrate 
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Fig. 1. X-ray scattering intensities of 
Ceylon graphite and meta-anthracite from 
Newport County, Rhode Island. , 
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Fig. 2. X-ray scattering intensities of pre-Cambrian anthracite from Iron County, 
Michigan, showing modulation of the (11) band. 


the presence of well-developed three- 
dimensional crystallinity of graphite. 
A point of interest was to find 
whether coals of a different origin also 
developed graphitic structure. A coal 
from Iron County, Michigan, that is 
believed to have been formed before 
the Cambrian geological period, much 
earlier than most coals, was studied. 
Demineralized samples of this coal, 
containing 0.1 percent ash and 0.7 per- 
cent moisture, had the following com- 
position by weight percent on a mois- 
ture- and ash-free basis: 93.4 C, 
0.84 H, 1.2 N, 4.3 O, and 0.3 S. The 
coal can be classified as an anthracite 
(5). The recorded x-ray intensities were 
corrected for air scattering, polariza- 
tion, and absorption, and were con- 
verted into atomic units by a trial-and- 
error procedure by matching the un- 
modulated portion (low-angle side) of 
the (11) band with the Warren equa- 
tions. The results are shown in Fig. 2. 
As shown in Fig. 2, the pre-Cam- 
brian coal gave rise to many three- 
dimensional (hkl) reflections, indicating 
a significant degree of graphitiza- 
tion. Especially to be noted is the very 
pronounced modulation of the (11) 
band. The positions of the graphite 
reflections are marked in the figure for 
purposes of comparison. The (103), 
(104), (112), and (114) peaks are 
distinct; the (200) and (201) peaks 
are unresolved; the (202) peak ap- 
pears as a shoulder; and the (204) peak 
is displaced somewhat. It is evident that 
the modulation of the (11) band pre- 
ceded that of the (10) band; the modu- 
lation of the (11) band has resulted in 
resolution of the (110) and (112) 


peaks, whereas the (10) band remains 
unresolved. In the diffraction patterns 
of the meta-anthracites, most of the 
peaks are distinctly resolved (see Fig. 
Fy. 

Of particular interest is the size of 
the layers in the anthracite samples 
showing the beginning of the modula- 
tions of the (11) reflections. The layer 
diameter La was calculated by using 
La = (a2 — a1) /x(Ss2e —S:), Where s is 
defined from s = 2 sin 6/\, @ being the 
Bragg angle and \ the wavelength of 
x-radiation; a2 and a: are functions de- 
termined from the theoretical profile 
of a two-dimensional lattice reflection 
derived by Warren; subscripts 2 and 1 
refer to the angular positions of the 
intensity curve where the intensity is 
one-half of the peak intensity. Values 
of La of the pre-Cambrian coal calcu- 
lated from the (11) and (10) bands 
were 31.2 and 38.4 A, respectively. It 
is probable that closer agreement could 
have been obtained had the curve been 
demodulated. An estimate of 39.5 A 
for the layer size was obtained from the 
hydrogen-to-carbon ratio of the coal 
by assuming a pericondensed ring sys- 
tem. 

A high-rank antliracite from Provi- 
dence County, Rhode Island, having 
an ultimate composition, by weight 
percent, of 95.2 C, 0.89 H, 1.8 O, 
0.3 N, and 1.8 S, had an x-ray pattern 
(not shown) very similar to that of 
the pre-Cambrian coal—that is, it 
showed the modulation of the (11) 
band. Le as determined from the (11) 
band was only 26 A. 

X-ray diagrams of these coals showed 
unequivocally that coals graphitize 
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with metamorphism regardless of ori- 
gin. Moreover, a significant degree of 
graphitization occurs by natural proc- 
ess when the layers attain a size of 
about 26 A, as compared to 100 A or 
more by the heat treatment of amor- 
phous carbons. 
SABRI ERGUN 
Morris MENTSER 
H. J. O7DONNELL 
Special Coal Research Section, 
U.S. Bureau of Mines, 
Pittsburgh, Pennsylvania 
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Effects of Supernumerary 
Chromosomes on Production of 
Pigment in Haplopappus gracilis 

Abstract. One of the two types of super- 
numerary chromosomes found in Haplo- 
pappus gracilis effects pigment production 
in the achene walls. When one, two, and 
four supernumerary chromosomes were 
added to the basic complement, a cor- 
responding increase in the amount of one 
type of pigment was found to occur. No 
overlapping. of the effects on pigment 
production was observed among different 
numbers of supernumeraries or between 
the supernumeraries and normal chromo- 
some complement. 


Supernumerary chromosomes have 
been reported for many plant and ani- 
mal species (J). They have been found 
to be devoid of genes in the usual sense, 
but in certain species a reduction in 
vigor, fertility, and sexual maturity can 
be attributed to their presence (2). Some 
of these effects are correlated with in- 
creased numbers of supernumeraries 
(3). However, attempts to relate a de- 
finite phenotypic effect with a certain 
supernumerary chromosome have been 
unsuccessful thus far. A possible excep- 
tion may obtain in Plantago, in which 
one extra chromosome has been found 
to be associated with male sterility (4). 

In a previous report of the super- 
numerary chromosomes in Haplopappus 
gracilis (Nutt.) Gray (5), it was pointed 
out that plants containing the larger 
type of supernumeraries could be dis- 
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tinguished by certain morphological 
characteristics of the leaves and stems. 
In addition, the achene coats of plants 
with supernumerary chromosomes were 
found to be a dark red color while the 
normal chromosome type was usually 
brown or, rarely, reddish at maturity. 

The purpose of this preliminary 
study was to determine whether the 
larger type of supernumerary chromo- 
somes exhibited an additive effect on 
pigment production in the achene coat 
as they were increased in number in 
the plant. 

Using seed from reciprocal crosses of 
plants with 2n = 4 + 2 and 2n = 4 + 3, 
we grew a number of progeny in the 
greenhouse with normal diploids (2n = 
4) having brown or reddish achenes. 
The chromosome numbers of all the 
plants were determined from somatic 
cells of immature heads. Several plants 
with chromosome numbers of 2n = 4 
+1 and 2n = 4+ 2 were obtained, but 
only two plants with 2n =4+3 and 
one with 2n=4-+4 were grown to 
maturity. The mature achenes were 
harvested, dated, and stored at room 
temperature until used. 

The pigments were extracted from 
ten weighed achenes in 3 ml of cold 
HCI in 90 percent ethyl alcohol, in a 
Tenbroeck all-glass tissue grinder, and 
the nonsoluble cell debris was removed 
by centrifugation. The solution con- 
taining the pigment from the brown 
achenes was yellow, while that from the 
reddish achenes and the red super- 
numerary fruits was varying shades of 
pink. Spectrophotometric analyses were 
carried out in a Beckman model DU 
spectrophotometer. Weight differences 
of the achenes were corrected after 
analysis. 

The yellow pigment solutions, after 
dilution, yielded absorbance maxima at 
two points, 335-340 mz and 270-275 
me. The latter peak sometimes ap- 
peared only as a small shoulder in the 
absorbancy curve. The pink pigment 
solutions (undiluted) gave absorbance 
maxima at three points, one at 535-540 
mz, and the other two at or near the 
same wavelengths as the yellow after 
equivalent dilution. It thus appears that 
two and possibly three different pig- 
ments are present and that the yellow 
pigment occurs in the reddish diploid 
type as well as in plants having the 
supernumerary chromosomes. 

In Fig. 1, the absorbance maxima of 
the two higher wavelengths of one 
sample have been plotted for each of 
the normal and aneuploid types. As the 
figure indicates, there is little or none 
of the pink pigment present in the 
brown achenes with a normal chromo- 
some number. However, the data show 
a greater amount of the pink pigment 
in the achenes with supernumeraries 





than is found in the reddish type with 
the normal chromosome complement. 
In addition, there is an increase in the 
amount of pigment when one, two, and 
four supernumeraries are added to the 
normal complement. The plants with 
three supernumeraries produced less 
pigment than those with one and two, 
but it is important to note that this 
amount was somewhat greater than it is 
for the reddish diploid type and that it 
did not overlap with any of the other 
supernumeraries. 

The yellow pigment occurred in great- 
est quantities in the brown achenes. A 
lesser amount was found in the reddish 
type, and the quantity varied in the 
achenes of plants with different num- 
bers of supernumerary chromosomes. 
Whether there is a relationship between 
the general decrease in the amount of 
yellow pigment and the increase in red 
pigment in plants with up to two super- 
numeraries remains to be determined. A 
direct relationship might be expected if 
the two pigments were dependent upon 
a common precursor. An explanation is 
wanting also for the peculiar effect of 
three supernumeraries on the produc- 
tion of the red pigment. Nevertheless, 
the importance of the data presented 
here lies in the fact that each super- 
numerary chromosome exerts a definite 
effect upon the production of both yel- 
low and pink pigments, and that no 
overlapping of the effects was found. 

Genetic analysis, now in progress, 
should yield information on the mode 
of inheritance of pigment production. 
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Fig. 1. Upper curve (dashed lines) shows 
absorbance maxima at 335-340 mu of 
brown (4B) and reddish (4R) diploid 
achenes, and aneuploid types with one 
to four supernumerary chromosomes. The 
lower curve shows the absorbance maxima 
at 535-540 my» for the same chromosome 
types. 
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Although the data presented here are 
admittedly meager, it would seem that 
the supernumerary chromosomes carry 
genes for pigment production which are 
similar to or the same as those on the 
normal chromosomes (6). 


R. C. JACKSON 
PHILIP NEWMARK 
Departments of Botany and 
Biochemistry, University of 
Kansas, Lawrence 
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Estimate of the Human Load of 
Mutations from Heterogeneous 
Consanguineous Samples 


Abstract. A formula is presented for the 
calculation of the mean number of lethal 
and abnormal equivalents per person. It 
has been applied to Brazilian, French, and 
Japanese data. 


A number of the methods for the 
estimation of the mutational load in 
man are based on procedures in which 
only one class of consanguineous mar- 
riages is used (see 1). For samples 
containing marriages with different de- 
grees of consanguinity, a more general 
formula may be developed as follows: 

The probability that a zygote from 
a consanguineous marriage will be 
homozygous for any one of the alleles 
present at a specific locus in the com- 
mon ancestors is given by the coefficient 
of inbreeding. Suppose that each one 
of the common ancestors, considered 
here to be average individuals, is a 
carrier of a rare deleterious recessive 
mutation. The probability that the 
zygote will be homozygous for deriva- 
tives of any one of the deleterious genes 
is given by f/2. If we suppose now that 
the average individual carries not one, 
as postulated above, but D deleterious 
recessive mutations, the probability of 
homozygosity for any one of the D 
deleterious genes turns out to be Df/2. 
This value can be obtained by analyzing 
the frequency, 2, of deleterious recessive 
homozygotes in the offspring of con- 
sanguineous marriages. Thus, 
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£= Df/2 and D=22/f (1) 


By a different reasoning Penrose (2) 
and Slatis et al. (3) came to the con- 
clusion that in the special case of full 
first-cousin marriages (f = 1/16), 
D = 32%: 

Now, given the fraction of abortions, 
miscarriages, stillbirths, mortality from 
birth to the mean marriage age, and 
anomalies, due to homozygosity for re- 
cessive genes, we could obtain the mean 
number, per person, of lethal equivalents 
acting in the different stages of develop- 
ment, as well as the mean number of 
abnormal equivalents. The summation 
of all these values would give us the 
total mean number of deleterious 
equivalents per person: 


p= (2) 


In samples containing not one but 
different types of consanguineous mar- 
riages, the frequency of homozygotes 
due to inbreeding is given by the mean 
coefficient of inbreeding: 


j#0 


where f; is the jth coefficient of in- 
breeding, n; is the number of preg- 
nancies (for data on abortions and 
miscarriages) or children born (for 
stillbirths) or children born alive (for 
mortality from birth to the mean mar- 
riage age, and anomalies) associated 
with f;, and N is zn). A rigorous 


analysis would score a monozygous 
twin pregnancy as one event and a 
dizygous twin pregnancy as two, but 
the use of any pregnancy—single or 
twin—as one event will introduce only 
a trivial error. Substituting for f in 


formula (2) the value f, we obtain: 
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In cases of mortality it is impossible 
to differentiate deaths caused by re- 
cessive genes from those caused by 
other factors. In such cases, as well 
as for anomalies in general, the fre- 
quency 2 of recessive homozygotes can- 
not be detected. It is possible, however, 
to obtain a rough estimate of 2 by 
subtracting the rates of mortality or 
anomalies in a suitable control sample 
(S.) from those rates in the consan- 
guineous (inbred) sample (S:). Sub- 
stituting (Si-S-) for 2 in formula (4), 


we get 
2N (S; — S-) 
D= ——————— 5 
y >> fin; ©) 
740 


that is, an estimate of the mean num- 
ber of deleterious equivalents per indi- 
vidual. This formula does not correct 
for the error introduced into the data 
by those deaths where the individual 
was simultaneously homozygote for two 
or more lethals, or semilethals. Since 
the probability of this event is rather 
small, the error introduced would ap- 
pear negligible. 

When S: is lower than S., D will 
take a negative value. This will not 
have genetic meaning with respect to 
deleterious equivalents and may be in- 
terpreted as an accident of sampling. 
If D is based on large samples, a nega- 
tive value may be interpreted as indicat- 
ing a very low mean number of 
deleterious equivalents per person. 

Formula (5) has been applied to data 
on abortions plus miscarriages, still- 
births, and mortality from birth to 
the mean marriage age, from some 
Brazilian populations (4). The mean 
number of lethal equivalents per indi- 
vidual in the whole sample has been 
found to be 1.55. A large difference 
was found, however, between the two 
ethnic groups involved in the analysis; 
the mean number was —0.37 for Cau- 
casians (almost all of Portuguese 
ancestry) and 9.12 for Negroes (5). 
The method of Morton, Crow, and 
Muller (6) has also been applied to 
these Caucasian and Negro data and 
lead to estimates close to those obtained 
according to formula (5): —0.24 for 
Caucasians and 10.46 for Negroes (/). 

Formula (5) has been applied to 
Schull’s (7) and Sutter and Tabah’s (8) 
data and gave results similar to those 
obtained by the method of Morton 
et al. (6; 9). 

N. FREIRE-MAIA 

A. FREIRE-MAIA 
Laboratério de Genética Humana, 
Faculdade de Filosofia, Universidade 
do Parand, Curitiba, Brasil 
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Association Affairs 


Programs Planned for the 
AAAS New York Meeting 


Section and society programs in geol- 
ogy and geography and the biological 
sciences to be presented at the New 
York meeting are given here. Programs 
in mathematics, physics, chemistry, 
and astronomy have been previously 
announced [Science 132, 1259 (28 Oct. 
1960)]. 


Geology and Geography 

Section E, Symposium, cosponsored 
by the Ecological Society of America 
and the Geological Society of America: 
“Palynology,” arranged by Calvin J. 
Heusser, American Geographical Socie- 
ty, with Harold L. Cousminer, New 
York University, presiding; 27 Dec. Pa- 
pers will be presented on pleistocene 
palynology in the United States (Mar- 
garet B. Davis, Yale University and the 
University of Michigan); palynology 
and prehistory—the Southwest as an 
example (Paul S. Martin, University of 
Arizona); palynology as an adjunct to 
taxonomy (A. Orville Dahl, University 
of Minnesota); stratigraphic palynology 
as a tool for commercial geology (L. R. 
Wilson, Oklahoma Geological Survey) ; 
palynology, paleofloras, and paleoenvi- 
ronments (Harold L. Cousminer). 

Section E vice-presidential address 
and smoker: joint session of Section E, 
the Geological Society of America, and 
the Association of American Geogra- 
phers, with William C. Krumbein, 
Northwestern University, presiding. The 
address, “Mineral Raw Materials in the 
National Economy,” will be given by 
Howard A. Meyerhoff, Scientific Man- 
power Commission; 27 Dec. 

AAAS Interdisciplinary symposium, 
joint program of Sections E-Geology 
and Geography, K-—Social and Econom- 
ic Sciences, O-Agriculture, P-—Indus- 
trial Science, and the Association of 
American Geographers: “The Urban 
Frontier: A Conquest of Inner Space,” 
arranged by Firman E. Bear, Rutgers 
State University, Frank C. Whitmore, 
Jr., U.S. Geological Survey, and Charles 
C. Morrison, Jr., American Geographi- 
cal Society, with James E. Lash, Action, 
Inc., presiding; 28 Dec. Papers will be 
presented on application of census sta- 
tistics to problems of urban renewal 
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(Ross Eckler, Bureau of the Census); 
urban renewal and metropolitan affairs 
(Martin Millspaugh, Charles Center); 
two basic issues in local renewal policy 
(Coleman Woodbury, University of 
Wisconsin); renewal for industry—the 
opportunity and the problem (Dorothy 
A. Muncy, consulting city planner, Ar- 
lington, Va.); Newark, New Jersey—a 
case study in urban renewal (Paul 
Busse, Newark Economic Development 
Committee); urban renewal in New 
York City (George M. Raymond, Pratt 
Institute). 

Symposium, joint session of Section 
E and the Geological Society of Amer- 
ica: “Frontiers in the Earth Sciences, 
Part I,” arranged by A. John Haworth, 
American Overseas Petroleum Limited, 
who will preside with William C. Krum- 
bein, Northwestern University; 29 Dec. 
After an introduction on unity of pur- 
pose in the earth sciences by A. John 
Haworth, papers will be presented on a 
reappraisal of Appalachian geology 
(Herbert P. Woodward, Newark Col- 
lege of Rutgers University); the chang- 
ing panorama of petroleum exploration 
(Robert E. King, American Overseas 
Petroleum Limited); current practice 
and trends in mineral exploration 
(Thomas S. Lovering, U.S. Geological 
Survey, Denver, Colo.); the status of 
paleontology (Ellis Yochelson, U.S. 
Geological Survey, Washington, D.C.); 
geochronometry by radioactive decay 
(Harold W. Krueger, Geochron Labo- 
ratories, Inc.); natural chromatography 
and the geochemistry of petroleum ac- 
cumulation (Bartholomew S. Nagy, 
Fordham University). “Frontiers in the 
Earth Sciences, Part II” has also been 
arranged by A. John Haworth, with 
Hollis D. Hedberg, Princeton Universi- 
ty, and Herbert P. Woodward, Rutgers 
University, presiding; 29 Dec. Papers 
will be presented on trends in geo- 
graphic research (Preston E. James, 
Syracuse University); airborne explora- 
tion methods (F. Woods Hinrichs, 
Fairchild Aerial Surveys Inc.); satellite 
observations in relation to the earth 
sciences (Robert Jastrow, National 
Aeronautics and Space Administration); 
recent trends in marine geophysical ex- 
ploration (Charles L. Drake, Lamont 
Geological Observatory); international 
cooperation at sea (Columbus O’D Ise- 





lin, Woods Hole Oceanographic Insti- 
tution); convergence of evidence on 
climatic change and ice ages (Rhodes 
W. Fairbridge, Columbia University), 
The symposium will conclude with a 
panel discussion by all participants. 
Symposium, joint session of Section 
E, the Geological Society of America, 
and the American Geophysical Union: 
“The Mohole,” arranged by Harry §. 
Ladd, U.S. Geological Survey, Wash- 
ington, D.C., who will preside with 
James R. Balsley, U.S. Geological Sur- 
vey, Washington; 30 Dec. After intro- 
ductory remarks by Harry S. Ladd, pa- 
pers will be presented on project Mo- 
hole (Gordon G. Lill, Office of Naval 
Research); scientific objectives of the 
Mohole and a predicted section (Harry 
H. Hess, Princeton University); possi- 
bilities of wire-line logging methods in 
the Mohole (H. G. Doll, Schlumberger 
Well Surveying Corporation); drilling 
from floating vessels in the open sea 
(R. F. Bauer and A. J. Field, Global 
Marine Exploration Company); experi- 
mental drilling in deep water (Willard 
Bascom, National Research Council). 
The Section E Committee will hold a 
luncheon meeting on 30 Dec. 
Symposium, program of Section E 
and the Geological Society of America, 
cosponsored by Section D—Astronomy: 
“Selenology,” arranged by Arnold C. 
Mason, U.S. Geological Survey, Wash- 
ington, D.C., and L. W. L. Leroy, Colo- 
tado School of Mines, who will both 
preside; 30 Dec. Papers will be present- 
ed on the geologist’s role in selenology 
(L. W. L. Leroy); making of a model 


moon (William R. Benton, Baltimore, 


Md.); the moon-mapping program at 
Army Map Service (Marian Hardy, 
Army Map Service); lunar terrain anal- 
ysis (Jack R. Van Lopik, Waterways 
Experiment Station); physical divisions 
and photogeologic map of the moon 
(Arnold C. Mason and Robert J. Hack- 
man, U.S. Geological Survey, Washing- 
ton, D.C.); stratographic basis for a 
lunar time scale (Eugene M. Shoemak- 
er, U.S. Geological Survey, Menlo 
Park, Calif., and Robert J. Hackman); 
a theory of the distribution of tektites 
(John A. O’Keefe and Barbara Shute, 
National Aeronautics and Space Ad- 
ministration); tektites and the cyrillid 
shower (John A. O’Keefe); nondestruc- 
tive x-ray spectrographic analysis of 
extraterrestrial substances (Isadore Ad- 
ler, U.S. Geological Survey); origin of 
the Ries Basin, Bavaria, Germany (Eu- 
gene M. Shoemaker, U.S. Geological 
Survey, Menlo Park, Calif., and E. C. 
T. Chao, U.S. Geological Survey, Wash- 
ington, D.C.); Vredefort ring-structure 
—an astrobleme (meteorite impact 
structure) (Robert S. Dietz, Navy Elec- 
tronics Laboraicry); the application of 
geology to man’s survival on the moon 
(Jack Green, North American Avia- 
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tion, Inc.); geological exploration of 
the moon (Paul J. Shlichta, California 
Institute of Technology). 

The chairman for the entire program 
of Section E is A. John Haworth, 
American Overseas Petroleum Limited. 

Association of American Geogra- 
phers. Session for submitted papers, co- 
sponsored by Section E: “Contributed 
Papers in Geography, I,” arranged by 
Charles C. Morrison, Jr., American 
Geographical Society, with William O. 
Field, American Geographical Society, 
presiding; 27 Dec. “Contributed Papers 
in Geography, II” has also been ar- 
ranged by Charles C. Morrison, who 
will preside; 30 Dec. 

Panel discussion, cosponsored by Sec- 
tion E: “Programming the Use of Nat- 
ural Resources,” arranged by Leonard 
Zobler, Barnard College, who will pre- 
side; 30 Dec. Topics will be: the mean- 
ing and need for resource programming 
(Leonard Zobler); water resources pro- 
gramming (Garald Parker, U.S. Geo- 
logical Survey); foreign trade policies 
affecting mineral fuels in the U.S. and 
Western Europe (Sam H. Schurr, Re- 
sources for the Future, Inc.); program 
planning for forests—needs and tech- 
niques (George F. Burks, U.S. Forest 
Service); resources of the sea (Louis S. 
Kornicker, Department of the Navy); 
conservation in the tri-state New York 
metropolitan region (William A. Nier- 
ing, Connecticut College); conservation 
and resource programming (S. V. Ciri- 
acy-Wantrup, University of California, 
Berkeley). 

Symposium, cosponsored by Section 
E: “Late Pleistocene Events in Southern 
South America,” arranged by Charles 
C. Morrison, Jr., American Geograph- 
ical Society, with Junius B. Bird, Amer- 
ican Museum of Natural History, pre- 
siding; 27 Dec. Papers will be presented 
on postglacial environmental changes 
in the Laguna San Rafael area, South- 
ern Chile (Ernest H. Muller, Syracuse 
University); recent glacier variations in 
the Southern Andes. (Donald B. Law- 
rence and Elizabeth G. Lawrence, Uni- 
versity of Minnesota); glacier fluctua- 
tions on the eastern side of the South 
Patagonian Andes (John H. Mercer, 
Institute for Polar Studies, Ohio State 
University); sediments from the Argen- 
tine Continental Shelf—a preliminary 
report (M. Ewing, C. Fray, E. Dahl- 
berg, Lamont Geological Observatory) ; 
the Chilean earthquake of 1960 (Pierre 
St. Amand, Institute of Inter-American 
Affairs). 

Symposium (concurrent with the sym- 
posium on late Pleistocene events in 
South America) cosponsored by Section 
E: “Soviet Geography,” arranged by 
Theodore Shabad, New York Times and 
Soviet Geography, with Charles B. 
Hitchcock, American Geographical So- 
ciety, presiding; 27 Dec. Papers will be 
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presented on the contributions of Soviet 
geography to the system of physical- 
geographical regions (W. A. Douglas 


‘Jackson, University of Washington); 


methodological controversy in Soviet 
geography (Robert Taaffe, Indiana Uni- 
versity); heat and water balance re- 
search and the role of Soviet geography 
therein (Jacek I. Romanowski, Univer- 
sity of Washington); climatological 
studies in the Soviet Union (Paul E. 
Lydolph, University of Wisconsin); the 
preparation of a Soviet geographer (Jack 
Villmow, Ohio State University); geog- 
raphy and economic planning as illus- 
trated by the Soviet electric power 
industry (Aloys A. Michel, Yale Uni- 
versity). 

Panel discussion, cosponsored by Sec- 
tion E: “The New York Metropolitan 
Region of the Future,” arranged by the 
Regional Plan Association, Inc., with 
William N. Cassella, Jr., Columbia Uni- 
versity, presiding; 29 Dec. Topics will 
be: view of the future (C. McKim Nor- 
ton, Regional Plan Association); the 
role of the federal government (Robert 
H. Connery, Duke University); cooper- 
ation through the Metropolitan Region- 
al Council (Karl E. Metzger, Board of 
Chosen Freeholders, Middlesex County, 
New Brunswick, N.J.); the responsibil- 
ity of the states (John E. Bebout, Na- 
tional Municipal League). 

Symposium, cosponsored by Section 
E: “Economic Development and Invest- 
ment in Africa South of the Sahara,” 
arranged by Leonard Tow, African Re- 
search and Development Company, 
Inc., who will preside; 29 Dec. Papers 
will be presented on recent economic 
developments in West Africa (William 
A. Hance, Columbia University); some 
conditions essential to the acceleration 
of the rate of economic developments 
in West Africa (Edward Marcus, Brook- 
lyn College); the influence of political 
philosophies on trade and investment in 
West Africa (Thomas P. Melady, Con- 
sultants for Overseas Relations); some 
factors influencing large-scale invest- 
ment in Africa (F. Taylor Ostrander, 
American Metal Climax, Inc.); circum- 
stances governing the rate and direction 
of flow of American private investment 
in Africa (E. Kennedy Langstaff, Trans- 
oceanic American Overseas Finance 
Company). 

There will be a geographer’s dinner 
on 29 Dec., sponsored by the New 
York-New Jersey Section of the Asso- 
ciation of American Geographers. 

There will be an Open House at the 
American Geographical Society ar- 
ranged by Charles C. Morrison, Jr., 28 
Dec., with George B. Cressey, Syracuse 
University, presiding. 

National Geographic Society. There 
will be a lecture and color film, Finding 
the World’s Earliest Man, by Matthew 
W. Stirling, Smithsonian Institution and 


Committee for Research and Explora- 
tion, National Geographic Society; 30 
Dec. 

National Speleological Society. The 
NSS is having two symposia, cospon- 
sored by Section E. The first, “Physio- 
logical Adaptations of Cavernicolous 
Organisms,” has been arranged by 
Brother G. Nicholas, F.S.C., University 
of Notre Dame, who will preside; 27 
Dec. Papers will be presented on energy 
metabolism and activity of amblyopsids 
(Thomas L. Poulson, University of Cal- 
ifornia, Los Angeles); some behavioral 
and physiological adaptations of caver- 
nicolous bats (John W. Twente, Univer- 
sity of Utah); a year-round study of a 
population of cave salamanders (Charles 
E. Mohr, Swiss Pines Park, Malvern, 
Pa.); observations on  cavernicolous 
communities with special reference to 
mammoth cave (Orlando Park, North- 
western University, and Thomas C. 
Barr, Tennessee Polytechnic Institute) ; 
observations on cavernicolous behavior 
in Flint Ridge, Kentucky (Thomas L. 
Poulson); observations on the occur- 
rence of fossil vertebrates in caves of 
Jamaica, British West Indies (Walter 
Auffenberg, AIBS Curriculum Study). 
The second symposium of the NSS, 
“Cave Mineralogy,” is cosponsored by 
the Geological Society of America as 
well as by Section E. It has been ar- 
ranged by William B. White, Pennsyl- 
vania State University, who will preside; 
27 Dec. Papers will be presented on the 
aragonite-calcite problem (Rane L. 
Curl, Shell Development Company); 
the growth of stalactites (George W. 
Moore, U.S. Geological Survey); hex- 
agonal! stalactites from Rushmore Cave, 
South Dakota (William A. Bassett, 
Brookhaven National Laboratory, and 
Allen M. Bassett, Ohio Wesleyan Uni- 
versity); secondary mineralization in 
Wind Cave, South Dakota (William B. 
White and George H. Deike III, Penn- 
sylvania State University); monocrys- 
talline speleothems (James F. Quinlan, 
Jr., University of Texas). 


Biological Sciences 


Section F-Zoological Sciences. Sym- 
posium, jointly with Section G—Botan- 
ical Sciences, co-sponsored by the Amer- 
ican Society of Zoologists: “Life Un- 
der Extreme Conditions, Part I: Cells,” 
arranged by A. Cecil Taylor, Rockefel- 
ler Institute, who will preside; 27 Dec. 
Papers will be presented on the effects 
of extreme cold on vertebrate cells 
(Harold Meryman, Naval Medical Re- 
search Institute); effects of extreme 
temperatures and desiccation on bac- 
teria (Halvor Halvorson, University of 
Illinois); high-pressure studies on living 
cells (Douglas Marsland, New York 
University). 

“Life under Extreme Conditions, 
Part II: Plants and Animals,” arranged 
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by Charles P. Lyman, Harvard Medical 
School, who will preside; 27 Dec. Pa- 
pers will be presented on structural 
adaptations of woody plants to arid en- 
vironments (Jane Philpott, Duke Uni- 
versity); adaptations of arctic and al- 
pine plants to environmental conditions 
(Lawrence Bliss, University of Illinois) ; 
seasonal acclimatization in mammals 
and birds (J. S. Hart, National Research 
Council); adaptations of reptiles, birds, 
and mammals to high environmental 
temperatures (George A. Bartholomew, 
University of California, Los Angeles). 

“Life Under Extreme Conditions, 
Part III: Human Studies” featured as 
an AAAS interdisciplinary symposium 
in the biological sciences, arranged by 
J. P. Marbarger, University of Illinois, 
who will preside; 28 Dec. After an in- 
troduction to and resumé of the prob- 
lem (Hubertus Strughold, Brooks Air 
Force Base), papers will be presented 
on the effect of extreme pressure 
changes on the human being (Fred A. 
Hitchcock, Ohio State University); the 
responses of man to extreme conditions 
of hyperthermia (James D. Hardy, Na- 
val Air Development Center); the ef- 
fect on the human being of extreme con- 
ditions of hypothermia (Steven M. Hor- 
vath, Lankenau Hospital). 

Symposium, held jointly with Section 
G-Botanical Sciences, cosponsored by 
the American Society of Zoologists: 
“Unsolved Problems in Biology, 1960: 
Submicroscopic Cellular Structure and 
Function,” arranged by Barry Com- 
moner and Viktor Hamburger, Wash- 
ington University, with Barry Com- 
moner presiding; 29 Dec. Papers will 
be presented on the biochemical signifi- 
cance of the endoplasmic reticulum 
(Philip Siekevitz, Rockefeller Institute) ; 
chemical and enzymatic organization of 
mitochondria (Albert L. Lehninger, 
Johns Hopkins University); genetic ac- 
tivity and chromosome structure (Jack 
Schultz, Institute for Cancer Research); 
molecular organization in the neuron 
(Peter F. Davison, Massachusetts Insti- 
tute of Technology). Presentation of 
the papers will be followed by a discus- 
sion. 

There will be a business meeting of 
Section F on 29 Dec. 

Zoologists’ dinner and vice-presiden- 
tial address of Section F (a joint session 
of Section F, the American Society of 
Zoologists, and the Society of System- 
atic Zoology): “An Embryologist Vis- 
its Japan,” by Viktor Hamburger, vice 
president for Section F; 29 Dec.; Emil 
Witschi, American Society of Zoologists, 
presiding. 

Four-session symposium (joint pro- 
gram of the American Society of Zoolo- 
gists, cosponsored by Section F and the 
Society of General Physiologists) : 
“Spermatozoan Motility,” arranged by 
David W. Bishop, department of em- 
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bryology, Carnegie Institution of Wash- 
ington, Baltimore; 29 and 30 Dec. Sup- 
ported by a grant from the National In- 
stitutes of Health. Part I, with H. Burr 
Steinbach, University of Chicago, pre- 
siding; 29 Dec. Papers will be presented 
on sperm movement, problems, and ob- 
servations (Lord Rothschild, University 
of Cambridge); a theory of the survival 
value of motility (F. D. Carlson, Johns 
Hopkins University). 

Part II, with Keith R. Porter, Rocke- 
feller Institute, presiding; 29 Dec. Pa- 
pers will be presented on ultra-structure 
in relation to sperm motility (D. W. 
Fawcett, Harvard University); biophys- 
ical principles underlying sperm motil- 
ity (F. G. E. Pautard, Leeds University, 
England); physicochemical aspects of 
sperm motility (L. Nelson, Emory Uni- 
versity). 

Part III, with R. J. Flipse, Pennsylva- 
nia State University, presiding; 30 Dec. 
Papers will be presented on metabolic 
reactions in spermatozoa (C. Terner, 
Boston University); respiration and ox- 
idative phosphorylation in relation ‘to 
sperm motility (P. H. Gonse, Centre de 
Recherches de Lyons, Lyons, France); 
ionic and osmotic requirements (G. W. 
Salisbury, University of Illinois). 

Part IV, with Teru Hayashi presiding; 
30 Dec. Papers will be presented on 
adenosine triphosphatase and acetyl- 
cholinesterase in relation to sperm mo- 
tility (J. Tibbs, University of St. An- 
drews, Fife, Scotland); reactivation of 
extracted sperm-cell models in relation 
to the mechanism of motility (David 
W. Bishop); studies on isolated flagella 
(C. J. Brokaw, University of Minne- 
sota). 

Section F is a cosponsor of the pro- 
gram of the New York Academy of 
Sciences: “Current Problems in Electro- 
biology”; 30 Dec. 

American Society of  Zoologists. 
Two-session symposium, program of the 
Division of Comparative Physiology: 
“Physiology of Molluscs”; arranged by 
R. Boolootian, University of California, 
Los Angeles, Karl M. Wilbur, Duke 
University, presiding; 29 and 30 Dec. 
Part I. Papers will be presented on ac- 
climation in molluscs (Earl Segal, Rice 
University); comparative physiology of 
digestion in molluscs (P. B. van Weel, 
University of Hawaii); nitrogen metab- 
olism in the Mollusca (Kenneth Allen, 
University of California, Los Angeles); 
comparative functional morphology of 
the boring mechanism in boring gastro- 
pods (Melbourne R. Carriker, Univer- 
sity of North Carolina). 

Part II. Papers will be presented on 
neurohormones in molluscs (John H. 
Welsh, Harvard University); physiology 
of reproduction in molluscs (Paul S. 
Galtsoff, U.S. Fish and Wildlife Service, 
Woods Hole, Mass.) ; chemoreception in 
gastropods (Alan J. Kohn, Florida State 





University); variations in the heart rate 
of mussels from different habitats. 

Symposium, program of the Division 
of Vertebrate Morphology: “Evolution 
and Dynamics of Vertebrate Feeding 
Mechanisms”; 28 Dec.; arranged by 
Perry W. Gilbert, Cornell University, 
and Bobb Schaeffer, American Museum 
of Natural History; Perry W. Gilbert, 
presiding. Papers will be presented on 
feeding mechanisms of Agnatha, Acan- 
thodii, and Placodermi (Robert H. Den- 
ison, Chicago Natural History Muse- 
um); dynamics of the feeding mechan- 
ism in sharks (Stewart Springer, U.S. 
Fish and Wildlife Service); the origin of 
the holostean feeding mechanism (Bobb 
Schaeffer, American Museum of Nat- 
ural History); the jaw of cyprinodonti- 
form fishes, a pre-acanthopterygian 
experiment in protractility (Donn E. 
Rosen, Florida State Museum and Uni- 
versity of Florida); feeding mechanisms: 
crossopterygians, amphibians, primitive 
reptiles (Everett C. Olson, University 
of Chicago); the feeding mechanism 
of snakes—its possible evolution (Carl 
Gans, University of Buffalo); feeding 
adaptations in Galapagos finches (Rob- 
ert I. Bowman, San Francisco State 
College); the feeding mechanism in 
mammals (D. Dwight Davis, Chicago 
Natural History Museum); concluding 
comments by Alfred S. Romer, Har- 
vard University. , 

Symposium, program of the Division 
of Endocrinology, cosponsored by 
AAAS Section F—Zoological Sciences, 
the Division of Developmental Biology, 
and the Genetics Society of America: 
“Evolution of Sex”; arranged by Emil 
Witschi, State University of Iowa, who 
will preside; 28 Dec. Papers will be pre- 
sented on genetic exchange in bacteria 
and bacteriophages (Norton D. Zinder, 
Rockefeller Institute); genetics of mam- 
malian sex chromosomes (Liane B. Rus- 
sell, Oak Ridge National Laboratory); 
the sex chromatin—facts and interpreta- 
tion (Susumu Ohno, City of Hope Med- 
ical Center, Duarte, Calif.) ; sex chromo- 
somes and sex aberrations in man (Paul 
E. Polani, Guy’s Hospital, London, Eng- 
land); epigenesis of sex determination 
(Joyce Bruner Lorand, Northwestern 
University) ; comments and perspectives 
(Emil Witschi). 

There will be 19 sessions of contrib- 
uted papers as follows: 

Four sessions on “Animal Behavior 
and Socicbiology”; joint sessions of the 
Division of Animal Behavior and So- 
ciobiology and the Section of Animal 
Behavior and Sociobiology of the Eco- 
logical Society of America; 28 and 29 
Dec. Part I: “Early Experience”; Helen 
Blauvelt, N.Y. Upstate Medical Center, 
presiding. Part II: C. R. Carpenter, 
Pennsylvania State University, presid- 
ing. Part III: “Sexual Behavior”; Evelyn 
Shaw, American Museum of Natural 
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History, presiding. Part IV: “Sexual 
Behavior and Communication”; J. L. 
Fuller, Jackson Memorial Laboratory, 
presiding. 

Three sessions on “Comparative En- 
docrinology”; 28 and 29 Dec. Part I: 
Berta Scharrer, Albert Einstein College 
of Medicine, presiding. Part Il: Howard 
A. Bern, University of California, Berk- 
eley, presiding. Part III: Jerry J. Koll- 
ros, State University of Iowa, presiding. 

Four sessions on “Comparative Phys- 
iology”; 28 and 29 Dec. Part I: K. 
Schmidt-Nielsen, Duke University, pre- 
siding. Part II: “Comparative Physiol- 
ogy of Muscle”; arranged by C. Ladd 
Prosser, University of Illinois, who will 
preside. Part III: “Physiology of Ar- 
thropods”; J. H. Welsh, Harvard Uni- 
versity, presiding. Part IV: “Physiology 
of Arthropods”; Talbot H. Waterman, 
Yale University, presiding. 

Three sessions on “Developmental 
Biology”; 28, 29, and 30 Dec. Part I: 
Howard L. Hamilton, Iowa State Uni- 
versity, presiding. Part II: Mac V. Edds, 
Jr., Brown University, presiding. Part 
III: Melvin Spiegel, Dartmouth College, 
presiding. 

Two sessions on “Vertebrate Mor- 
phology”; 29 Dec. Part I: Richard J. 
Baldauf, Texas A. and M. College, pre- 
siding. Part II: Harvey I. Fisher, Uni- 
versity of Southern Illinois, presiding. 

There will aiso be three single ses- 
sions on 30 Dec. I: “Invertebrate Zool- 
ogy, Parasitology, and Protozoology”; 
II: “Genetics and Cytology”; III: “Ex- 
perimental Biology”. 

Two-session symposium, a joint pro- 
gram of the Division of Animal Behav- 
ior and Sociobiology and the Section 
of Animal Behavior and Sociobiology 
of the Ecological Society of America, 
cosponsored by Section F-—Zoological 
Sciences and the National Association 
of Biology Teachers: “Teaching Animal 
Behavior”; arranged by E. B. Hale, 
Pennsylvania State University; 30 Dec. 

Part I: “Animal Behavior in Biology 
Teaching”; E. B. Hale, presiding. Pa- 
pers will be presented on animal be- 
havior as a biological discipline (J. P. 
Scott, Jackson Memorial Laboratory); 
animal behavior in college biology (Ben- 
son E. Ginsburg, University of Chi- 
cago); animal behavior in secondary 
school biology (Arthur J. Baker, Crys- 
tal Lake High School, Crystal Lake, 
Iil.). 

Part II: “Techniques in Teaching 
Animal Behavior”; Arthur J. Baker, pre- 
siding. Papers will be presented on film 
instruction (C. R. Carpenter, Pennsyl- 
vania State University); vertebrate ma- 
terials (William C. Dilger, Cornell Uni- 
versity); invertebrate materials (Thomas 
Smyth, Jr., Pennsylvania State Uni- 
versity); special projects (Walter Goh- 
man, Iowa State Teachers College Lab- 
oratory School, Cedar Falls, Iowa). 





Panel discussion, a program of the 
Education Committee, cosponsored by 
AAAS Section F—Zoological Sciences: 
“Research Opportunities for Under- 
graduates”; arranged by William Etkin, 
Albert Einstein College of Medicine, 
who will preside; 28 Dec. Panelists: 
John L. Fuller, Jackson Memorial Lab- 
oratory; Lyle W. Phillips, National Sci- 
ence Foundation; Evelyn Shaw, Ameri- 
can Museum of Natural History; David 
Stone, Worcester Foundation for Ex- 
perimental Biology. 

Demonstrations will be held in the 
morning and afternoon of 29 and 30 
Dec. 

Business meeting of the Division of 
Comparative Physiology; 28 Dec. Busi- 
ness meeting of the Division of Devel- 
opmental Biology; 28 Dec. Supper and 
business meeting of the Division of 
Comparative Endocrinology; 28 Dec. 
Lunch and organization meeting of the 
Division of Vertebrate Morphology; 29 
Dec. 

A business meeting of the Society will 
be held 29 Dec. 

Society of Systematic Zoology. Sym- 
posium, cosponsored by the American 
Society of Zoologists and AAAS Sec- 
tion F-—Zoological Sciences: ‘Famous 
Zoologists: A series of anecdotal talks 
and recollections about some famous, 
recently-deceased zoologists”; arranged 
by Carl L. Hubbs, Scripps Institution of 
Oceanography, and George W. Whar- 
ton, University of Maryland; Carl L. 
Hubbs, presiding; 27 Dec. Papers will 
be presented on Thomas Barbour (Al- 
fred S. Romer, Museum of Comparative 
Zoology, Harvard University); Leon- 
hart Stejneger (Waldo L. Schmitt, U.S. 
National Museum); Stephen A. Forbes 
(Harlow B. Mills, Illinois Natural His- 
tory Survey, Urbana); Joseph Grinnell 
(Alden H. Miller, Museum of Verte- 
brate Zoology, University of California, 
Berkeley); A. S. Pearse (George W. 
Wharton and Carl L. Hubbs). 

Preview and panel discussion: “The 
New International Code of Zoological 
Nomenclature Adopted by the XVth 
International Congress of Zoology in 
London” (soon to be published); ar- 
ranged by W. I. Follett, California Aca- 
demy of Sciences, and Charles F. Lytle, 
Tulane University; W. I. Follett, pre- 
siding; 29 Dec. Panel members: Ernst 
Mayr, Museum of Comparative Zool- 
ogy, Harvard University; Curtis W. 
Sabrosky, U.S. Department of Agricul- 
ture. 

There will be one session for con- 
tributed papers, at which R. Tucker Ab- 
bott, Academy of Natural Sciences of 
Philadelphia, will preside; 27 Dec. 

An informal visit to the American 
Museum of Natural History has been 
arranged by Horace W. Stunkard for 
29 Dec. 

The Society’s annual breakfast and 
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business meeting will be held 28 Dec. 

American Society of Naturalists. 
Two-session symposium, cosponsored 
by the American Society of Zoologists, 
the Ecological Society of America, and 
the Society for the Study of Evolution: 
“Modern Aspects of Population Biol- 
ogy”; arranged by Reed C. Rollins, 
Gray Herbarium, Harvard University; 
27 Dec. 

Part I; Reed C. Rollins, presiding. 
Papers will be presented on big and 
little populations—an amateur’s excur- 
sion [L. C. Dunn, Columbia University 
(presidential address, American Society 
of Naturalists)]; niche specificity and 
diversity, with special reference to 
plankton (G. Evelyn Hutchinson, Yale 
University); the relation between labo- 
ratory and field investigations in popu- 
lation ecology (L. B. Slobodkin, Univer- 
sity of Michigan). 

Part II; Earl L. Green, Jackson Me- 
morial Laboratory, presiding. Papers 
will be presented on experimental sym- 
patric populations of Clarkia (Harlan 
Lewis, University of California, Los 
Angeles); phenotypic response to com- 
patibility shift in wild populations of 
Leavenworthia (Reed C. Rollins); some 
recent theoretical contributions from 
zoogeography (E. O. Wilson, Harvard 
University); population effects of nat- 
ural selection (Robert H. MacArthur, 
University of Pennsylvania). 

A business meeting will be held 27 
Dec. 

Beta Beta Beta Biological Society. 
There will be an interim meeting of the 
Policy Committee on 27 Dec. 

Beta Beta Beta is a cosponsor of the 
symposium of Alpha Epsilon Delta 
premedical honor society, “Career Op- 
portunities in Medicine and Dentistry”; 
29: Dec. 

Biomedical Information Processing 
Organization. There will be one session 
of invited papers, arranged by Robert 
S. Ledley, National Biomedical Re- 
search Foundation, Inc., who will pre- 
side; 30 Dec. Papers: will be presented 
on analog-digital devices and problems 
involved in suggesting standards (Har- 
old K. Scramstead, National Bureau of 
Standards); function and nature of bio- 
medical computer installation (Merrill 
M. Flood, University of Michigan); 
problems involved in sharing digital 
computer codes and programs (Walter 
M. Carlson, E. I. du Pont de Nemours 
and Company). 

Organizational meeting and election 
of officers; Norman Z. Shapiro, presid- 
ing; 30 Dec. 

Ecological Society of America. Sym- 
posium, cosponsored by AAAS Section 
H-Anthropology: “Ecology and An- 
thropology”; arranged by Paul Baker, 
Pennsylvania State University, who will 
preside; 28 Dec. Papers will be pre- 
sented on ecology and nutritional stress 
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space-saving secrets which enable Precision instrurnen- 
tation recorders to out-perform conventional magnetic 
tape instruments many times their size. Other design 
secrets are push-button selection of 
function and speed, light beam end- 
of-tape sensing, front panel calibra- 
tion and testing, interchangeable tape 
loop magazines, and all-solid-state 
plug-in electronics. 

All the secrets of these recorders are 
unveiled in detailed new brochure 
55B. Write for your copy today. 
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modern colony which will double 
our present production. 


The new colony building con- 
tains every device to insure con- 
tinuous production and ship- 
ment of guaranteed Sprague- 
Dawley strain albino rats. 


Increased orders from our pres- 
ent customers and orders from 
new customers will be accepted 
as production builds up. 


OUR PLEDGE: Our insistence on 
the highest possible quality will 
never be sacrificed to quantity. 


Price list will be mailed upon request. 


SPRAGUE-DAWLEY, INC. 
P.O. Box 2071 
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in man (Marshall Newman, U.S. Naval 
Museum); cultural ecology of Teotihua- 
can Valley (William Sanders, Pennsyl- 
vania State University); application 
of ecology to physical anthropology 
(Frank Livingston, University of Mich- 
igan); cultural ecology and ethnog- 
raphy (Charles Frake, Stanford Uni- 
versity); the application of ecological 
theory to recent anthropology (Paul 
Baker). 

Human ecology luncheon, arranged 
by George B. Happ, Principia College; 
29 Dec. 

There will be two sessions of con- 
tributed papers on “Plant Ecology”; 28 
and 29 Dec. Part I; Murray F. Buell, 
Rutgers State University, presiding. 
Part II; R. H. Whittaker, presiding. 
There will also be two sessions of con- 
tributed papers on “Animal Ecology”; 
28 and 29 Dec. Part I; R. S. Miller, 
University of Saskatchewan, presiding. 
Part II; C. H. Southwick, Hamilton 
College, presiding. There will be one 
session of contributed papers on “Aqua- 
tic Ecology”; 29 Dec.; Paul G. Pearson, 
Ford Foundation, presiding. There will 
also be a session of contributed papers 
on “Human Ecology”; 29 Dec.; George 
B. Happ presiding. 

Three special tours have been ar- 
ranged—to the New York Zoological 
Park, the American Museum of Natural 
History, and the New York Aquarium. 

Nature Conservancy. Open meeting 
of the National Committee for Natural 
Areas for Schools; arranged by John 
W. Brainerd, Springfield College, who 
will preside; 27 Dec. An introductory 
paper, “Helping schools study natural 
areas: Outdoor research for indoor ed- 
ucation,” will be presented by Dr. 
Brainerd. This will be followed by a 
series of small-group deliberations led 
by Stanley A. Cain, University of Mich- 
igan; Leslie A. Clark, Society for the 
Protection of New Hampshire Forests; 
David E. Davis, Pennsylvania State 
University; Charles Mohr, Philadelphia 
Academy of Natural Sciences; and 
Jacob Shapiro, Wisconsin State College. 

Society for the Study of Evolution. 
Business meeting and general session; 
Alfred E. Emerson, University of Chi- 
cago, presiding; 29 Dec. Presidential 
address: “Vestigia: Characters of Ter- 
mites and the Processes of Regressive 
Evolution” (Alfred E. Emerson); invi- 
tational address: “Reproductive Substi- 
tution as a Method of Voluntary Human 
Evolution Preferable to Differential 
Birth or Death Rates” (Hermann J. 
Muller, Indiana University). 

There will be four sessions of con- 
tributed papers. Session I: “Phylogenet- 
ic Aspects of Evolution”; 28 Dec. Ses- 
sion II: “Genetic Aspects of Evolution”; 
28 Dec. Session III: “Speciation and 
Variation”; 29 Dec. Session IV: “Eco- 
logical Aspects and Methods”; 29 Dec. 





Section G-Botanical Sciences. Sym- 
posium: “Machine Methods in Biol- 
ogy”; arranged by David Rogers, New 
York Botanical Garden; I. D. Welt, Na- 
tional Research Council, presiding; 30 
Dec. Papers will be presented on com- 
puter simulation of taxonomic methods 
(David Rogers, New York Botanical 
Garden); computer applications—proc- 
essing of nonnumerical data (T. P. Tan- 
imoto, IBM Research Center, Yorktown 
Heights, N.Y.); the use of computers 
in systematic and other zoological re- 
search (Robert R. Sokal, University of 
Kansas); pattern recognition, morphol- 
ogy, and generation of hypotheses 
(Leonard Ornstein, Mount Sinai Hos- 
pital, New York). 

Several other symposia are being held 
jointly with Section F—Zoological Sci- 
ences. 

There will be two sessions for con- 
tributed papers at which Harriet B. 
Creighton, Wellesley College, will pre- 
side; 28 Dec. and 30 Dec. 

Torrey Botanical Club. Two-session 
symposium, cosponsored by AAAS Sec- 
tion G—Botanical Sciences: “Fundamen- 
tal Developments in Plant Growth”; 
arranged by Annette Hervey, New York 
Botanical Garden; 27 Dec. 

Part I; Paul Burkholder, Brooklyn 
Botanic Garden, presiding. Papers will 
be presented on changing concepts of 
photosynthesis (Daniel Arnon, Univer- 
sity of California); fundamental devel- 
opments in the field of plant growth 
regulators (John Mitchell, Crops Re- 
search Division, U.S. Department of 
Agriculture, Beltsville, Md.); alteration 


of plant growth by chemicals (N. E. | 


Tolbert, Michigan State University); 
“plant-animals” as experimental tools 
for growth studies (Seymour H. Hut- 
ner, Haskins Laboratories, New York). 

Part II; George McNew, Boyce 
Thompson Institute, presiding. Papers 
will be presented on the photoperiodic 
control of flowering (Harry A. Borth- 
wick, Crops Research Division, U.S. 
Department of Agriculture, Beltsville, 
Md.); test-tube studies on flowering 
(William S. Hillman, Yale University); 
relation of antimetabolites to plant 
growth (Thomas H. Jukes, American 
Cyanamid Company); recent progress 
and the goals of plant tissue culture 
(Walter Tulecke, Boyce Thompson In- 
stitute). 

Botanists’ luncheon and vice-presiden- 
tial address of Section G, to be held 
jointly with AAAS Section G—Botanical 
Sciences and the Botanical Society of 
America; Father Charles A. Berger, 
presiding; 27 Dec. Speakers will be 
Father Berger; William C. Steere, New 
York Botanical Garden; and Barry 
Commoner, Washington University. 
who will give the vice-presidential ad- 
dress of Section G: “In Defense of 
Biology.” 
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ISOTOPES 


for Your 
Development Work 





Oak Ridge National Laboratory offers 
more than 300 radioactive and stable 
isotope products. 


RADIOISOTOPES 
Processed Solutions — 90 processed ra- 
dioisotopes may be obtained, including 
many carrier-free and high specific activ- 
ity products. 


Now Available — Iridium -192 gamma 
sources with specific activity up to 100 
curies per gram, and cobalt-60 radiogra- 
phy sources 1/8 and 1/16-inch in diame- 
ter with specific activity greater than 
100 curies per gram. At a reduced price, 
carbon-14 barium carbonate is available 
at $9.50 per millicurie. 


STABLE ISOTOPES 

More than 200 stable isotopes available 
from 50 elements. ... Chemical processing 
and target fabrication services also of- 
fered... . Ultra-high isotopic purity in a 
number of isotopes. 

For information or literature, write to: 
Isotopes Division, Oak Ridge National 
Laboratory, P.O. Box X, Oak Ridge, 
Tennessee. 
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Meetings 
Forthcoming Events 


November 


21-23. Fluid Dynamics, annual, Balti- 
more, Md. (R. J. Emrich, Div. of Fluid 
Dynamics, APS, Dept. of Physics, Lehigh 
Univ., Bethlehem, Pa.) 

24-25. American Physical Soc., Chica- 
go, Ill. (K. K. Darrow, APS, 538 W. 120 
St., New York 27) 

24-26. Central Assoc. of Science and 
Mathematics Teachers, 60th annual conv., 
Detroit, Mich. (L. A. Conrey, School of 
Education, Univ. of Michigan, Ann Arbor) 

25-26. American Soc. of Animal Pro- 
duction, Chicago, Ill. (C. E. Terrill, 
Animal Husbandry Research Div., Agri- 
cultural Research Center, Beltsville, Md.) 

25-26. National Council for Geographic 
Education, Cincinnati, Ohio. (L. Kennd- 
mer, Univ. of Texas, Austin) 

25-16. Bahamas Medical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Laud- 
erdale, Fla.) 

27-1. Latin American Cong. of Neu- 
rology, Santiago, Chile. (R. Nunez, 
Almirante Montt 485, Dep. 11, Santiago, 
Chile) 

27-2. American Soc. of Mechanical 
Engineers, annual, New York, N.Y. (A. 
B. Conlin, Jr., ASME, 29 W. 39 St., New 
York 18) 

27-5. International Federation of Agri- 


| cultural Producers, 11th conf., New Delhi, 





India. (IFAP, 1624 Eye St., NW, Wash- 
ington 6) 

28-1. Entomological Soc. of America, 
Atlantic City, N.J. (R. H. Nelson, 4603 
Calvert Rd., College Park, Md.) 

29-2. American Medical Assoc., Wash- 
ington, D.C. (F. Blasinggame, 1535 N. 
Dearborn St., Chicago 10, Ill.) 

30-2. Steels in Reactor Pressure Cir- 
cuits, symp., London, England. (Secre- 
tary, Iron and Steel Inst., 4 Grosvenor 
Gardens, London, S.W.1) 


December 


1-16. Commission for Climatology, 3rd 
session, London, England. (World Mete- 
orological Organization, Campagne Rigot, 
1, avenue de la Paix, Geneva, Switzerland) 

2-5. Central American Medical Conf., 
8th, Panama City. (A. Bissot, Departamen- 
to de Saud Publica, Ministerio de Trabajo, 
Prevision Social y Salud Publica, Panama) 

3-6. Visual Communications, 4th an- 
nual intern. cong., Chicago, Ill. (Visual 
Communications Cong., 10600 Puritan 
Ave., Detroit 38, Mich.) 

3-8. American Acad. of Dermatology 
and Syphilology, Chicago, Ill. (R. R. Kier- 
land, First National Bank Building, Roch- 
ester, Minn.) 

4-6. Spectroscopy, annual southern sem- 
inar, Gainesville, Va. (Annual Seminar on 
Spectroscopy, Univ. of Florida, Gaines- 
ville) 

4-7. American Inst. of Chemical Engi- 
neers, annual, Washington, D.C. (F. J. 
Van Antwerpen, AICE, 25 W. 45 St., New 
York 36) 

4-9. Radiological Soc. of North Amer- 
ica, Cincinnati, Ohio. (D. S. Childs, 713 
E. Genesee St., Syracuse 2, N.Y.) 

5-7. American Soc. of Agricultural En- 











At last— 


the perfect 
background 
book for 
supplementary 
reading— 


CLASSICS 
IN 
SCIENCE 


Edited by 
E. N. da C. Andrade 


This volume presents more than 
forty selected readings in scientific 
thought, method and applications, 
ranging from Aristotle, Ptolemy 
and Pythagoras to Darwin, Mar- 
coni and Appleton. Following a 
special introductory essay by Pro- 
fessor Andrade on the general 
topic: What Is Science?, the book 
presents a wide-ranging anthology 
of writings on the origin and 
meaning of science, the universe, 
matter and energy, and science and 
everyday life. Among the authors 
represented, in addition to the 
above, are Immanuel Kant, Wil- 
liam Peddie, Copernicus, Galileo, 
Newton, Lavoisier, Osler, John 
Dalton, Michael Faraday, F. W. 
Aston, Hector Macpherson, Sir 
Charles Lyell, Richard Jefferies, 
C. F. Powell, Erwin Schrédinger 
and Sir Robert Ball. 


“Thoroughly recommended as a 
guide to the basic principles of 
scientific method.”—Special  Li- 
braries Association 


“Valuable to anyone interested in 
the history of ideas . . . It gives 
the reader a personal acquaintance 
with the people who have devel- 
oped the ideas.”—American Jour- 
nal of Physics $6.00 








PHILOSOPHICAL LIBRARY, 
Publishers 
15 East 40th Street, New York 16, N.Y. 


Please send me .... copies of CLASSICS 
IN SCIENCE @$6.00 per copy. To expe- 
dite shipment I enclose 


() Check () Money Order 
NOM .nccccccccccccccecccccccccsocces 
AGGPOEEB oc ccccccscccceccccccccccscess 
City. oc ccccceces Zone..... State. ...0 
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buy ASCO for 


PIRANI-TYPE GAUGE 









New 
transistorized 
circuit and & Zener diode 
stabilization insures top performance! 
Wide range, fine calibrations, and easy reading are 
attained with its wide scale, illuminated meter 
movement and dual reading scale, (.1 microns Hg. 
to 5000 microns Hg.). It is self-calibrating. A new 
transistorized circuit insures long, trouble-free use 
and Zener diode stabilization helps to insure accu- 
racy to better than .1%. The gauge is shock resist- 
ant to 8 g.’s and is made of strong polyester, shock- 
proof case and mount. 115 V.—50-60 cycle opera- 
tion. 6” wide x 6%” high x 84” deep. Only $449 


For use with Asco Pirani-Type Gauge, 
an inexpensive yet highly efficient 
recorder and controller, in 2 ranges — 
Oto 25 microns and Oto 5000 microns. 


ASCO 
RECORDER 
small, compact FR 
trouble-free 


The smallest and simplest 
strip chart recorder on the 
market, it provides true rec- 
tilinear recording free from 
inconvenient distortion. Operating at one inch per 
hour, a 63-foot chart roll records for 31 days. A 


galvanometer pointer swings free for maximum ac- 


curacy, being clamped for marking briefly once 
every 2 seconds, generating a continuous line of 
many small dots. Scale length—25A.¢”. For portable 
use or panel mounting. 344” wide xd aged 


deep. Only $193 

ASCO CONTROLLER 
versatile, 
easy-to- 
operate 


Electro-mechanically 
controlled, the Asco 
Controller uses contact 
meter-relays as its prin- 
cipal neue The meter-relay indicates the 
control variable, and it initiates control action. In 
applications where a variable is held to a present 
level, an interrupter is used to separate the meter- 
relay’s locking contacts periodically. This allows the 
meter-relay to sample to see if further control action 
is necessary. Input—115/230 volts, 50/60 cycles. 
SPDT load switch rated 5 amperes 115/230 volts 
resistive. For portable use or panel mounting. 55/6” 
wide x 5%” high x 10” deep. Only $194 


a 
cio 
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ARTHUR F. SMITH, INC. 
311 ALEXANDER ST., ROCHESTER 4, N. Y. 





gineers, winter, Memphis, Tenn. (J. L. 
Butt, ASAE, 420 Main St., St. Joseph, 
Mich.) 

5-7. Electronic Industries Assoc., 3rd 
conf. on maintainability of electronic 
equipment, San Antonio, Tex. (E. B. Har- 
wood, Office of the Secretary of Defense, 
Room 3D1018, Pentagon, Washington 25) 

5-8. American Rocket Soc., 15th an- 
nual, Washington, D.C. (R. L. Hohl, ARS, 
500 Fifth Ave., New York 36) 

5-8. American Soc. of Agronomy, an- 
nual, Chicago, Ill. (L. G. Monthey, ASA, 
2702 Monroe St., Madison 5, Wis.) 

7-13. American Acad. of Optometry, 
San Francisco, Calif. (C. C. Koch, 1506— 
08 Foshay Tower, Minneapolis 2, Minn.) 

9-10. The Myocardium—lIts Biochemis- 
try and Biophysics, New York, N.Y. (A. P. 
Fishman, New York Heart Assoc., 10 
Columbus Circle, New York 19) 

9-11. American Psychoanalytic Assoc., 
New York, N.Y. (D. Beres, 151 Central 
Park West, New York 23) 

10-11, Academy of Psychoanalysis, New 
York, N.Y. (J. H. Merin, 125 E. 65 St., 
New York 21) 

11-14. Hot Laboratory and Equipment 
Conf., 8th, San Francisco, Calif. (J. R. 
Lilienthal, Los Alamos Scientific Labora- 
tory, P.O. Box 1663, Los Alamos, N.M.) 

12-14. American Nuclear Soc. (Isotopes 
and Radiation Div.), San Francisco, Calif. 
(O. J. Du Temple, ANS, 86 E. Randolph 
St., Chicago 1, Ill.) 

12-14. Water Pollution, natl. conf., 
Washington, D.C. (Natl. Conf. on Water 
Pollution, F. A. Butrico, Office of Engi- 
neering Resources, Div. of Engineering 
Services, U.S. Public Health Service, 
Washington 25) 

12-16. Atomic Industrial Forum, conf., 
San Francisco, Calif. (D. J. Scherer, 3 E. 
54 St., New York 22) 

13-15. Eastern Joint Computer Contf., 
New York, N.Y. (E. C. Kubie, EJCC, 
Computer Usage Co., Inc., 18 E. 41 St., 
New York 17) 

19-20. Statistical Mechanics, conf., Lon- 
don, England. (Organizing Secretary, Phys- 
ical Soc., 1, Lowther Gardens, London) 

22-2. Panamerican Diabetic Congress, 
Ist, British Honduras. (B. R. Hearst, Di- 
rector, Diabetic Inst. of America, 55 E. 
Washington St., Suite 1646, Chicago 2, Ill.) 

26-30. Inter-American Cong. of Psy- 
chology, 7th, Havana, Cuba. (G. M. Gil- 
bert, Psychology Dept., Long Island Univ., 
Brooklyn 1, N.Y.) 

26-31. American Assoc. for the Ad- 
vancement of Science, annual, New York, 
N.Y. (R. L. Taylor, AAAS, 1515 Mas- 
sachusetts Ave., NW, Washington 5. 





The following 52 meetings are being 
held in conjunction with the AAAS an- 
nual meeting. 

AAAS Committee on Science and the 
Promotion of Human Welfare (B. Com- 
moner, Shaw School of Botany, Washing- 
ton Univ., St. Louis 5, Mo.). 26, 28, 29 
Dec, 

AAAS Cooperative Committee on the 
Teaching of Science and Mathematics (J. 
R. Mayor, Director of Education, AAAS, 
Washington, D.C.). 28, 29 Dec. 

Academy Conference (J. G. Arnold, Jr., 
Loyola Univ., New Orleans, La.). 26-27 
Dec. 


























Now—for the first time— 
scientists in the space and 
physical sciences will be 
able to keep up with 
rapid-fire developments in 
such fields as missiles and 
rockets, electronics, math- 
ematics, computers, phys- 
ics and instrumentation. A 
unique service -—— Current 
Contents of Space and 
Physical Sciences — en- 
ables you to locate essen- 
tial reading in minutes. 
This new service is similar 
in concept to the Life Sci- 
ences Edition of Current 
Contents* which has 
proven itself to more than 
10,000 scientists and is 
now in its third year of 
publication. Current Con- 
tents of Space and Physi- 
cal Sciences satisfies the 
pressing need of physical 
scientists and ergineers to 
keep abreast of current 
scientific developments. 
This new weekly service 
comprehensively reports 
the contents of 425 pri- 
mary journals — over 
100,000 arti- 
cles per year. The inav- 
gural issue will appear in 
January, 1961. For a 
gratis specimen copy and 
additional information, 


write: INSTITUTE for SCI- 
ENTIFIC INFORMATION, 
1122 Spring Garden 
Street, Philadelphia 23, 
Pa. 


*A weekly guide to the chemical, phar- 
maco-medical and life sciences, the Life 
Sciences Edition of Current Contents 
lists the title of every article in more 
than 600 scientific journals—over 130,- 
000 articles per year. 


individual 
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Alpha Epsilon Delta (M. L. Moore, 7 
Brookside Circle, Bronxville, N.Y.). 29 
Dec. 

American Assoc. of Clinical Chemists 
(H. Goldenberg, Dept. of Biochemistry, 
Hillside Hospital, P.O. Box 38, Glen Oaks, 
N.Y.). 26-27 Dec. 

American Assoc. of Scientific Workers 
(Miss M. Yevick, 214 Western Way, 
Princeton, N.J.). 27 Dec. 

American Astronautical Soc. (R. Fleisig, 
58 Kilburn Rd., Garden City, N.Y.). 27 
Dec. 

American Astronomical Soc. (J. A. 
Hynek, Dearborn Observatory, North- 
western Univ., Evanston, IIl.). 28-31 Dec. 

American Council on Women in Science 
(Miss E. B. Thurmann, Div. of Research 
Grants, National Insts. of Health, Bethesda 
14, Md.). 27 Dec. 

American Economic Assoc. (K. E. 
Boulding, Dept. of Economics, Univ. of 
Michigan, Ann Arbor). 26 Dec. 

American Geophysical Union (R. Jas- 
trow, NASA Theoretical Div., 8719 Coles- 
ville Rd., Silver Spring, Md.). 26 Dec. 

American Nature Study Soc. (R. E. 
Hopson, 4138 S.W. Fourth Ave., Portland 
1, Ore.). 27-30 Dec. 

American Psychiatric Assoc. (P. H. 
Knapp, Boston Univ. School of Medicine, 
Boston, Mass.). 29, 30 Dec. 

American Soc. of Criminology (D. E. 
J. MacNamara, New York Inst. of Crimi- 
nology, 115-117 W. 42 St., New York 
36). 26, 27 Dec. 

American Soc. of Naturalists (R. C. 
Rollins, Gray Herbarium, Harvard Univ., 
22 Divinity Ave., Cambridge 38, Mass.). 
27 Dec. 

American Soc. of Zoologists (R. L. Wat- 
terson, Dept. of Zoology, Northwestern 
Univ., Evanston, Ill.). 28-30 Dec. 

American Sociological Assoc. (V. H. 
Whitney, Dept. of Sociology, Wharton 
School of Finance, Univ. of Pennsylvania, 
Philadelphia, Pa.), 28, 29 Dec. 

American Statistical Assoc. (R. E. Lewis, 
New York Area Chapter, 55 Wall St., 
New York 15). 29 Dec. 

Association of American Geographers 
(C. Morrison, Jr., American Geographical 
Soc., Broadway at 156 St., New York 32). 
27-30 Dec. 

Association for Computing Machinery 
(W. F. Cahill, NASA, 8719 Colesville Rd., 
Silver Spring, Md.). 29 Dec. 

Astronomical League (Miss A. A. 
Pindar, Amateur Astronomers Assoc., Inc., 
223 W. 79 St., New York 24). 28 Dec. 

Beta Beta Beta Biological Soc. (Mrs. F. 
G. Brooks, P.O. Box 515, Ansonia Station, 
New York 23). 27 Dec. 

Biomedical Information Processing Or- 
ganization (R. S. Ledley, Natl. Biomedical 
Research Foundation, Silver Spring, Md.). 
30 Dec. 

Committee on Cosmetics, American 
Medical Assoc. (J. B. Jerome, 535 N. 
Dearborn St., Chicago 10, Ill.). 29 Dec. 

Conference on Scientific Communication 
Problems (G. L. Seielstad, Technical Re- 
ports Group, Applied Physics Laboratory, 
Johns Hopkins Univ., Silver Spring, Md.). 
26, 27: Dec. 

Conference on Scientific Manpower (T. 
J. Mills, Natl. Science Foundation, 1951 
Constitution Ave., NW, Washington 25). 
27 Dec. 


4 NOVEMBER 1960 


PO.-CARRYING COFACTORS 


ADENOSINE 3’: 5'- CYCLIC PHOSPHATE (AOC) Phosphorylase activator 
present in heart and liver tissue. A pure crystalline material. Homogeneity 
established by several methods, including paper electrophoresis and paper 
chromatography. Now offered at prices that allow for wider use. 


GUANOSINE 5’— DIPHOSPHATE (GDP) AND GUANOSINE 5'—TRIPHOS- 
PHATE (GTP) GDP has been found to be a substrate in the synthesis of 
ribonucleic acid. GTP is involved in the synthesis of microsomal protein." 
GDP acts as phosphate acceptor and GTP as phosphate donor in ketoglu- 
tarate oxidation? and in the phosphopyruvate carboxykinase and 
adenylosuccinate synthetase reactions.** In the phosphohexokinase and 
pyruvic kinase reactions, these compounds can replace the adenosine 
polyphosphates.®? Full details and prices on request. Send now for free 
copy of our new 1960 Price List. References 1-7 will be supplied on request. 


» SCHWARZ BIORESEARCH, INC. Dept. KB, Mount Vernon, New York 


BIOCHEMICALS + RADIOCHEMICALS + PHARMACEUTICALS + for research, for medicine, for industry 








Conference on Scientific Manuscripts 
(N. Reingold, Dept. of History of Science 
and Medicine, Yale Univ., New Haven, 
Conn.). 29 Dec. 

Ecological Soc. of America (R. S. Miller, 
Dept. of Biology, Univ. of Saskatchewan, 
Saskatoon, Saskatchewan, Canada). 26-31 
Dec. 

History of Science Soc. (D. J. de Solla 
Price, Dept. of History of Science and 
Medicine, Yale Univ., New Haven, Conn.). 
27-29 Dec. 

Institute of Management Sciences (M. 
M. Flood, Mental Health Research Inst., 
205 N. Forest Ave., Ann Arbor, Mich.). 
30 Dec. 

Metric Assoc. (J. T. Johnson, 694 W. 11 
St., Claremont, Calif.). 27 Dec. 

Mountain Lake Biological Station (H. 
H. Hobbs, Jr., Univ. of Virginia, Char- 
lottesville, Va.). 29 Dec. 

National Acad. of Economics and Politi- 
cal Science (A. E. Taylor, Parkton, Md.). 
27 Dec. 

National Assoc. of Biology Teachers (P. 
Webster, Bryan City Schools, Bryan, Ohio). 
27-30 Dec. 

National Assoc. for Research in Science 
Teaching (G. Mallinson, School of Gradu- 
ate Studies, Western Michigan Univ., 
Kalamazoo). 27 Dec. 

National Assoc. of Science Writers (E. 
Ubell, Herald Tribune, New York, N.Y.). 
27 Dec. 

National Geographic Soc. (W. R. Gray, 
NGS, 16th and M Sts., NW, Washington 
6). 30 Dec. 


National Speleological Soc. (Brother 
Nicholas, FSC, Dept. of Biology, Univ. 
of Notre Dame, Notre Dame, Ind.). 27 
Dec. 

Nature Conservancy (J. W. Brainerd, 
Springfield College, Springfield, Mass.). 
27 Dec. 

New York Acad. of Sciences (D. Pur- 
pura, College of Physicians and Surgeons, 
Columbia Univ., New York, N.Y.). 30 
Dec. 

Science Clubs of America (Miss L. V. 
Watkins, Science Service, 1719 N Street, 
NW, Washington 6). 30 Dec. 

Scientific Research Soc. of America (D. 
B. Prentice, 56 Hillhouse Ave., New Haven 
11, Conn.). 29 Dec. 

Sigma Delta Epsilon (Mrs. E. Cortelyou, 
Aeroprojects Inc., W. Chester, Pa.). 27-29 
Dec. 

Society for General Systems Research 
(C. A. McClelland, Dept. of History, San 
Francisco State College, 1600 Holloway 
Ave., San Francisco, Calif.). 29 Dec. 

Society for the History of Technology 
(C. W. Condit, Dept. of English, North- 
western Univ., Evanston, IIl.). 27-29 Dec. 

Society for Industrial and Applied 
Mathematics (J. Griesmer, IBM Research 
Center, Box 218, Yorktown Heights, N.Y.). 
28 Dec. 

Society for Industrial Microbiology (J. 
A. Ramp, 11 Van Dyke Rd., Waldwick, 
N.J.). 

Society of the Sigma Xi (T. T. Holme, 
56 Hillhouse Ave., New Haven 11, Conn.). 
29 Dec. 





Society for the Study of Evolution (H. 
H. Ross, State Natural History Survey, 
Urbana, IIl.). 27-29 Dec. 

Society of Systematic Zoology (C. F. 
Lytle, Dept. of Zoology, Tulane Univ., 
New Orleans 18, La.). 27-29 Dec. 

Tau Beta Pi Assoc. (R. H. Nagel, Tau 
Beta Pi Assoc., Univ. of Tennessee, 
Knoxville). 29 Dec. 

Torrey Botanical Club (Miss A. Hervey, 
New York Botanical Garden, Bronx Park 
56, N.Y. 27 Dec. 





27-14. Bahamas Surgical Conf., Nassau. 
(B. L. Frank, P.O. Box 4037, Fort Lauder- 
dale, Fla.) 

28. Association for Education in Inter- 
national Business, St. Louis, Mo. (J. N. 
Behrman, Univ. of Delaware, Newark, 
Delaware) 

28-30. American Economic Assoc., St. 
Louis, Mo. (J. W. Bell, Northwestern 
Univ., Evanston, III.) 

28-30. Econometric Soc., St. Louis, Mo. 
(R. Ruggles, Dept. of Economics, Yale 
Univ., New Haven, Conn.) 

28-29. Linguistic Soc. of America, an- 
nual, Hartford, Conn. (A A. Hill, Box 
7790, University Station, Austin 12, Tex.) 

28-30. National Council of Teachers of 
Mathematics, Tempe, Arizona. (M. H. 
Ahrendt, 1201 16 St., NW, Washington 6) 

29-31. American Physical Soc., Berke- 
ley, Calif. (K. Darrow, APS, Columbia 
Univ., 116 St. and Broadway, New York, 
N.Y.) 


(See issue of 21 October for comprehensive list) 











The Latest 


Vol. 11 (May 1960) 


(elsewhere) 








ANNUAL REVIEWS 


ENTOMOLOGY PLANT 

Vol. 5, (Jan. 1960) PHYSIOLOGY 
Vol. 11 (Jun. 1960) 

PSYCHOLOGY BIOCHEMISTRY 

Vol. 11 (Feb. 1960) Vol. 29 (Jul. 1960) 

PHYSIOLOGY PHYSICAL 

Vol. 22 (Mar. 1960) CHEMISTRY 
Vol. 11 (Sept. 1960) 

MEDICINE MICROBIOLOGY 


Vol. 14, (Oct. 1960) 


NUCLEAR SCIENCE 
Vol. 10 (Dec. 1960) 


Most back volumes available 


$7.00 postpaid (U.S.A.); $7.50 postpaid 


ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 





CELLS 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters -- Comparators — Glass Stand- 
ards—Klett Reagents. 





GLASS ABSORPTION 
" KLETT 





























Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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au. | +250°° JN THE LAB-- 
ey, 
use TIME TAPE for best results! 
F, 
iv., 
Tau rew 
ce. 
: england 
ey nuclear 
iS Radioactive EDTA 
ler- ® 7 e 
Ethylenediaminetetraacetic- 
ter- = 14 - 
N. : 2-0" Acid 
ark, = 
’ : $55 per 100 microcuries 
t. - 
ern = : ; Write for latest Price List 
= Proven superior by actual use. Here is the with over 350 labeled 
Mo. = toughest, most durable pressure-sensitive d 
vale Es tape available. WRITE ON IT! TYPE ON IT! ee 
= Acid, water, dirt, grease or heat don't 
nan = affect it! Withstands temperatures from 
xa = -+-250° to —70°! A variety of colors avail- 
a = able in plain or pre-printed to your specs. 
H. = Numbers, identification, warning and many 
1 6) = other time-saving uses can cut costs and in- pate cee nequect 
oa crease efficiency. 
ee For samples and prices 
“azp° write to — Dept. RSL new england Pat a 
list) PROFESSIONAL TAPE CO., INC. ie 
ie 355 Burlington Ave. Riverside, Ul. 

















PERSONNEL PLACEMENT 


WMI] POSITIONS WANTED [fill | {Milli POSITIONS OPEN [iii 


(a) Plant Physiology Ph.D., biochemistry, soils oS 
minors; experienced in seed production, germina- 
tion, nutrition studies; prefers teaching or re- 
search position. (b) Endocrinology Ph.D., 
physiology minor; group leader experience in 
product research and development; available for 
pharmaceutical administrative appointment. (c) 
Organic Chemistry Ph.D., biochemistry minor; 
enzyme research experience; 2 years as head of 
physiology-endocrinology laboratory; available 
for commercial or medical research appointment 
with administrative duties. (d) Biology Ph.D., 
parasitology-public health minor from leading 
university; experienced as poultry scientist and 
7 animal parasitologist in developing animal feeds; 
Single insertion $40.00 per inch desires research or commercial appointment. 

4 times in 1 year 38.00 per inch Fiat _ Medical Bureau, Inc., Science ae 
For PROOFS on display ads, copy must urneice Larson, Chairman, 900 North Michigan 

reach SCIENCE 4 weeks before date of Avenue, Chicago. x 

















CLASSIFIED: Positions Wanted, 25¢ per 
word, minimum charge $4. Use of Box 
Number counts as 10 additional words. 
Payment in advance is required. 

COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. . 





biologist 


EXPANDING BESEARCH 
PROGRAM 





issue (Friday of every week). 





132 





Replies to blind ads should be addressed 


1515 Massachusetts Ave., NW 
Washington 5, D.C. 


Hil POSITIONS WANTED |i 


Medical and Scientific Abstracting, searches and 
reviews of literature, German and French trans- 
lations. Box 206, SCIENCE. xX 




















Microbiologist, Ph.D., 5 years of varied indus- 
trial experience. Seeks teaching or research in- 
Stitute position. Box 204, SCIENCE. x 





Ph.D.-Microbiologist-Biochemist. Several years’ 
experience in research, pilot plant and production. 
Desires challenging opportunity with small or 
large company. Box 205, SCIENCE. 11/11 








MH POStTIONS OPEN |i 





Women college graduates with science back- 
grounds (single, 21-29) are eligible to apply for 
an excellent 12-month course in Physical Therapy. 
Selected candidates will earn full salary while 
learning—with all school and travel expenses 
paid. This course—sponsored by the Army Medi- 
cal Service—is approved by the Council on Medi- 
cal Education and Hospitals, American Medical 
Association. 

Upon acceptance, students are commissioned 2nd 
Lieutenants in the Army Medical Specialist Corps 
(AMSC) Reserve, and are required to serve one 
year on active duty after completion of the 12- 
month course. (Monthly salary begins at $270.00 
plus substantial fringe benefits.) AMSC officers 
receive 30 days of paid vacation every year—and 
enjoy career opportunities for advanced profes- 
sional training and world travel. 

For complete information, write: 

THE SURGEON GENERAL 
Department of the Army 
Washington 25, D. C. 











4 NOVEMBER 1960 


Plan and carry out R & D program to 


gg ber) WANTED: CO-EDS A GRADUATES evaluate chemotherapeutic activity of 
ox (give number : ND ‘. ae ; 
Science INTERESTED IN THE MEDICAL FIELD newly synthesized medicinal compounds 


REQUIRE: Ph.D. in MICROBIOLOGY; ex- 
perience in screening of compounds with 
anti-bacterial, anti-fungal, and anti-pro- 
tozoal activity, including “‘in-vivo” and 
“in-vitro” techniques. 

Salaries commensurate with experience 
and potential. 


Qualified individuals seeking to accelerate 
the pace of their professional progress 
are invited to send resumes to: 


. 9 Relati Dept. 





Nopecow: 
yD COMPANY 
60 Park Place, Newark, N.J. 
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IMiiiiii| POSITIONS OPEN jill 


CHEMISTS 
Expanding pharmaceutical firm has openings for 
two Qualified Senior Personnel in their Research 
Division: 

1. Ph.D. to assume responsibility of research 
group assaying drugs and body conditions. Must 
be able to develop methods for new compounds. 

2. Ph.D. with experience to assume respon- 
sibility of synthetic organic group preparing new 
medicinals. 

Send résumé including salary requirements to 
Personnel Office, Wallace Laboratories, Division 
of Carter Products, Inc., Cranbury, New Jersey. 


Two openings: 1: Pharmaceutical Chemist with 
strong background in biochemistry. Ph.D. level 
for product development department. 2. Assistant 
Pharmaceutical Chemist experienced in drug anal- 
yses and inspection of finished products. B.S. level. 
Send résumé stating age, qualifications and salary 
desired to: Dr. Leon J. DeMerre, Head, Food 
and Drug Laboratories, Joseph E. Seagram & 
Sons, Inc., Cranbury, N. 
(a) Pharmacologist to establish drug evaluation 
service for physicians and teaching institutions; 
exceptional career opportunity with leading na- 
tional organization. (b) Parasitologist for research 
on cancer, malaria, tuberculosis, and other medi- 
cal projects; $8000- $11,000; Midwest. (c) Direc- 
tor to coordinate services of specialists and all 
industrial training functions of large drug firm; 
around $10.000; East. (d) Physiology Teachers 
at all levels for medical school; independent 
research encouraged: $6000-$10.000; East. (e) 
Group Leaders in Pharmaceutical Chemistry for 
diversified drug manufacturer; $12,000 up; East. 
(f) Biochemist for clinical, research and teach- 
ing duties in large hospital including university 
faculty appointment; around $10,000; East. (g) 
ross Anatomy Assistant Professor for medical 
school; Midwest. (h) Biochemists for research on 
heart, aging, metabolism, and other medical 
projects at large university hospital; Chicago. 
(i) Director of clinical and research activities 
in hospital; university teaching affiliation if de- 
sired; Ph.D. in biochemistry or physiology pre- 
ferred: West. (j) Assistant Professor of Veteri- 
nary Science for infectious disease research and 
some teaching at agricultural college; Ph.D. or 
D.V.M. preferred; Midwest. (k) Biophysicist or 
Biochemist trained in use of electronic instru- 
ments for heart and lung surgery research at 
medical institute. East. (1) Agricultural or Bio- 
chemistry Scientist for research on peanut 
enzyme systems at experimental station; $9000 
vear with university rank; South (m) Pulmonary 
Function Scientist to conduct energy cost re- 
search at university rehabilitation unit; East. 
(n) Pharmacologist with independent research 
and supervising abilities for expanding drug 
manufacturer; $12,000; Pacific Coast. (0) Neuro- 
physiology/Neuropharmacology Assistant Profes- 
sor to teach and conduct independent research 
at medical school; $8000-$10,000; South. (p) Bio- 
chemist trained in chromatographic and electro- 
phoretic techniques for peptide research; around 
$10,000; Southwest. (q) Virologist trained in 
tissue culture for tumor virus research at large 
medical center; East. (r) Clinical Biochemist 
for pathology group serving several hospitals 
and laboratories; $9000-$12,000; California. (s) 
Pharmacologist for cardiovascular research at 
large hospital with coordinate appointment at 
medical school; $10,000-$12,000; East. (t) Re- 
search Chemist with imagination and ambition 
for growing biological research firm supplying 
laboratory and consulting services to industry: 
$10,000-$12,000; West. (u) Chairman of Biological 
Chemistry Department for teaching, research, 
administrative duties at medical school; Midwest. 
(Please write for details; also many other posi- 
tions available through our nationwide service.) 
$11-1 Medical Bureau, Inc., Science Division, 
Burneice Larson, Chairman, 900 North Michigan 
Avenue, Chicago. x 
PSYCHIATRIC INSTITUTE AND HOSPITAL 
—Offers challenging and unusually rewarding op- 
portunities to qualified research scientists. Lab- 
oratories in various phases of activation include 
experimental psychology, neuroanatomy and 
neurohistochemistry, neurophysiology and _ socio- 
environmental studies. Positions available involve 
varying degrees of responsibility in the plan- 
ning, development, coordination, and direction 
of research laboratories and programs. Inquiries 
are invited from individuals with an M.D. or 
Ph.D. degree and research competence in the 
following fields: Human Genetics, Neuropathol- 
ogy, Virology. Write Dr. Edward N. Hinko, Di- 
rector, Cleveland Psychiatric Institute and Hos- 
pital, 1708 Aiken Avenue, irom 9, Ohio 
10/28; 11/4 














TECHNICAL SALESMAN 


For expanding west coast manufacturer of 
clinical and analytical instruments. Distribution 
through major dealer organizations. To Travel 
primarily east coast and midwest. 

Salary + Stock option incentive 


MECHROLAB, INC. 
1062 Linda Vista Ave. 
Mountain View, California 











Iii POstt10Ns OPEN iil! 


Pharmacueutical Chemist. Two men with Ph.D. 
degrees or equivalent training (with or without 
industrial experience) required in the Pharma- 
ceutical Product Development Department of a 
large ethical pharmaceutical company in upstate 
New York. Both positions involve research on 
pharmaceutical dosage forms. One man should 
also have a fairly strong background in organic 
chemistry. Work requires creativity and imagi- 
nation. Excellent starting salaries and fringe 
benefits. Expansion of company presents oppor- 
tunities for advancement. Box 187, SCIENCE. 








RESEARCH MICROBIOLOGIST 
Ph.D. (under 35) or equivalent experi- 
ence. Interest in IMMUNOLOGY, VIR- 
OLOGY, or TISSUE CULTURE desir- 
able but not necessary. 

Opportunity with an excellent future in 
an expanding program in vaccines and 
chemotherapy with an ethical manu- 
facturer of pharmaceuticals and biologi- 
cals. 

POSITION OFFERS: 

@ Profit sharing 

e Liberal fringe benefits 

e@ Modern laboratories and equipment. 
Send résumé and salary requirements in 
confidence to: 


DIAMOND LABORATORIES, 
RESEARCH DIVISION 

2538 S. E. 43rd Street 

Des Moines, Iowa 








VETERINARIAN.. 


Progressive pharmaceutical organi- 
zation has available an excellent 
opportunity for a young veteri- 
narian as an assistant to the sec- 
tion head in an expanding veteri- 
nary clinic research section. 
Background in animal and/or poul- 
try husbandry. Travel will be re- 
quired in contacting veterinary 
and agricultural colleges, practi- 
tioners, feed mills, etc. 

Excellent suburban North Jersey 
location near N.Y.C. Liberal com- 
pany benefit programs. Please sub- 
mit resume listing detailed qualifi- 
cations and salary required. 


CIBA PHARMACEUTICAL PRODUCTS, Inc 











556 Morris Ave. Summit, N. J. 





~ VERUS RESEARCH 


M.D. or Ph.D. interested in infectious diseases, 
basic studies on mechanisms of infection and on 
etiology, pathogenesis and epidemiology of virus 
diseases of infancy and childhood. Excellent fa- 
cilities. Salary $6000 per annum. Address 


Box 195, SCIENCE 


The Market Place 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


li _ PROFESSIONAL SERVICES Es 
LABORATORY SERVICES 


for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 












WISCONSIN 
ALUMNI 





Write for Price Schedule 


P. O. Box 2217 © Madison 1, Wis, | 








Foods, Drugs, Cosmetics, Chemicals, 
Feeds, Packa ging—Toxicological 
Mycological End Bacteriological 
Investigations 


United States Testing Co., Inc 


yken, N. J 


1415 Park Ave., Hobe 











MINI BOOKS AND MAGAZINES jill 
SCIENTIFIC JOURNALS WANTED 











Sets, Runs and Volumes bought at top prices, 
Your wants supplied from 
our Back Files of over 3,000, periodicals, 


Abrahams Magazine Service, N. 





Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


(iil SUPPLIES AND EQUIPMENT }fj 


















® 


CAESAREAN-DERIVED 





CHARLES RIVER CD- 
Hypophysectomies 
THE ‘CHARLES RIVER MOUSE FARMS 
Affiliate, The Charles River Breeding Labs 
1018 Beacon St., Brookline 46, Mass. RE 4-2000 













YOU NEED THIS FREE 
CATALOG FOR YOUR FILES, 


Serums, antiserums and bloods 
of all kinds for technicians and tissue 
culture laboratories. No salesman will call. 


COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 


SWISS MICE 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 
2548 NORTH 27th ST. PHILA. 32, PA. 




















Now taking orders for: 


C3H - AKR > STRONG A + Cs7BL 
(CsH x 101) FA 


TEXAS INBRED MICE CO. 
305 Almeda-Genoa Rd.; R.F.D. 7, Box 1232-C 
Houston 21, Texas 


















“From the hand of the veterinarian 


to research”"® 


albino rats 
‘Y CHARLES RIVER CD 


(Caesarean derived) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 

(Wistar descendants) 


HYPOPHYSECTOMIZED RATS 


@ Only Charles River CD animals used 


‘@Rigidiy controlled environment 
(same bldg.) birth to surgery. 


@ High speed surgery by graduate biologists. 
@10 years experience animal surgery. 
@ Overnight air service from Boston 


THE CHARLES RIVER BREEDING LABS 


1018 Beacon St., Brookline 46, Mass. RE. 4-2000 
Henry L. Foster, D.V.M., President 
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RESEARCH AT GRUMMAN 


This burst of plasma emitted from the Bostick rail gun 
in Grumman’s plasma laboratory provides a glimpse 
into the unknown world of plasma. It is a basic tool used 
in fundamental investigations in many areas of plasma 
physics, including problems associated with space flight. 

Through discharges in the order of 20,000 joules of 
electrical energy, in a vacuum of 10-© mm Hg, plasma 
is created in the accelerator and studied by the use of 
various diagnostic techniques. Much of this experimen- 
tal activity concerns the development and refinement of 
techniques utilizing the Langmuir probe, the ballistic 
pendulum, and high-speed electronic and photographic 
methods. In keeping with the basic research nature of 
the generator, a major part of the activities is devoted to 
devising new methods of generating and accelerating 


a 
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the plasma and increasing the intensity and duration. 

The ability to predict and control the behavior of plasma 
(a neutral gas which is completely ionize~) is one of the 
most challenging fundamental probiems in modern ap- 
plied physics. In our new Fluid Mechanics and Plasma 
Physics Research Laboratory, Grumman engineers and 
scientists are expanding man’s spheres of knowledge of 
plasma, of magnetohydrodynamics, of hypersonic aero- 
dynamics, of the ionosphere, and of numerous related 
fields. We shall welcome the opportunity to discuss our 
extensive research activities with men of inquisitive 
intellect. 

We invite your inquiry if your interest lies in Magneto- 
hydrodynamics and Plasma Physics Research, or any of 
the following areas: 








GAS DYNAMICS & HYPER- 
SONICS. Theoretical and ex- 
perimental research on rari- 
fied gas dynamics, gas-surface 
interactions, aerothermo 
chemistry and hypersonic 
aerodynamics, including the 
use of Grumman's Shock Tun- 
nel, Shock Tube, Plasma Jet 
and Physical Chemistry Labo- 
ratory. 


SOLID STATE, NUCLEAR, 
GENERAL PHYSICS. Theoret- 
ical and experimental research 
in broad areas of field theory, 
energy conversion, nuclear 
physics, acoustics, electro- 
magnetic radiation (particu- 
larly, but not limited to, micro- 
and millimeter waves). 


MATH— PHYSICS—ELEC- 
TRONICS—COMPUTING 
R & D. Basic research and de- 
velopment in areas such as: 
airborne and special purpose 
computing systems, combined 
analog-digital computation, 
simulation, programming, 
mathematical and numerical 
techniques. 


To arrange for an immediate interview, send your resume to Mr 
Manager Engineering Employment, Dept. GR-91. 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 


Bethpage, Long Island, N.Y. 


PHYSICAL CHEMISTRY— 
Materials R & D— Research 
and advanced development in 
high temperature reactions, 
coatings, powder metallurgy, 
refractory composite struc- 
tures, ceramics, fatigue and 
fracture. 7 

Gaseous Chemical Kinetics 
—Upper atmosphere chemis- 
try, shock layer interactions, 
free radicals. 


. W. Brown, 





AO Offers Low-Cost Stereophotomicrography 


-..in just three easy steps 


z Scie 
SET the focusing adjustment dn your AO Spencer 
Cycloptic Stereoscopic Microscope, to bring specimen 
into sharp focus. Camera is mounted directly to Cyclop- 
tic... out of the way... ready for instant use. 





ve 
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SNAP shutter with cable release. You photograph 

the sharp three-dimensional image exactly as you saw 

it. Your film processor will supply stereo mounted 
photographs. Now you have permanent, three-dimen- 
sional photomicrographs, in black-and-white or color, 
for future reference. 


AVote Optical 


Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


SPENCER 


into position over eyepieces. Designed exclusively 

for Cycloptic, special compensating prisms in adapter 
unit render camera parfocal with microscopes’ optical sys- 
tem. Set camera for bulb exposure. No further adjustment 
is necessary. 


? SWING the mounted 35mm Graflex Stereocamera 


The full-size Graflex Stereoviewer, with built-in light 
source, completes this easy-to-use 3-D photo pack- 
age. You can review your findings over and over 
again... anytime... anywhere. Here is everything 
you need for three-dimensional photomicrography 
... unique... easy-to-use. Available only from Amer- 
ican Optical. 


Ask your AO Sales Representative or write: 
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Dept. M-1 1 
© Please send full information on AO Spencer 637 Stereo- 
camera attachment. 


0 Also include information on AO Spencer Cycloptic 
Stereoscopic Microscopes. 


| 
| 
| 
Name | 
I 
| 





Address 
City. 





Zone State—___. 
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